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SUMMARY

The microbiological, physical and chemical changes which occur in
stored, harvested sugarcane were studied in Jamaica and the United Kingdom.
The degree of deterioration was proportional to time of storage, and was
revealed by a statistically significant reduction in sucrose content.

Other symptoms included a fall in pH, and increases in reducing sugars,
dextran, viscosity, and microbial count. Cut cane was universally infected

7

with Leuconostoc mesenteroides, which reached a maximum count of 10" to 108

organisms per ml. juice within 3 to 4 days of harvest. Counts of other
microorganisms were generally insignificant, except for occasional lacto-

bacilli. A new dextran-forming species was named Lactobacillus confusus.

Miproorganisms isolated from deteriorated cane were screened for their
ability to cause deterioration of a sterile, synthetic cane juice.

L. mesenteroides strains were the most deteriogenic, but attempts to
reproduce the symptoms of ‘sour® cane by inoculation of this organism into

cut cane were only partially successful. L. mesenteroides was present in

the soil and the epiphytic flora of the stalk. The principal vector of

infection appeared to be the cutters' machete, especially in wet weather.

Cane harvested by a chopper machine deteriorated more rapidly than hand-cut
whole-stalks. Economic losses due to deterioration of harvested cane were
estimated to be 9.2% of the initial recoverable sugar for the 1869 crop at
Prome Estate, Jamsica. Dextran content was a useful indicator of cane
biodeterioration. The dextran content of mill juices was correlated with
rainfall, and significant correlations were obtained between dextran content
and viscosity of mill syrups and the amount of sugar lost in final molasses;

it also caused the formation of elongated crystals. Attempts to control

sour cane by chemical and physical methods were unsuccessful, and it was
coneluded that the only solution is to mill cane within 24 hours of harvest.

A novel method for removal of dextran from mill juices by enzymic treatment

with dextranase was developed and patented.
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CHAPTER I INTRODUCTION

Post-harvest deterioration of the sugarcane (Saccharum officinarum)

has been observed in most major cane sugar producing areas. It occurs during
the storage interval between harvest and milling of the cane. Juice
extracted from deteriorated stalks exhibits a reduction in sucrose content,
frequently accompanied by increases in ‘gum' content and acidity. The
latter causes a characteristic sour odour which explains the colloquial

name of *sour cane'. The significance of this deterioration lies in its
harmful economic effects; firstly, it reduces the amount of sucrose in cane
prior to milling, and secondly, the ‘gums' interfere with the manufacture of
sugar in the factory, leading to a reduction in throughput and recovery of
sugar.

Most of the research to date has been undertaken in Louisiana, Queens-—
land, and Natal. In Louisiana, soﬁr cane is often experienced when cane is
damaged by a freeze prior to harvest, followed by a period of warmer weather.
Here post-harvest deterioration is accelerated by infection with the lactic

acid bacterium Leuconostoc mesenteroides (Cienkowski) van Tieghem, which

forms the polysaccharide dextran from sucrose and gives rise to the so-called
*viscous fermentation' {Owen,1949). It is thought that infection is
facilitated by freeze damage which causes splits in the rind of the cane
stalks. In Queensland the problem has been accentuated by the recent intro-
duction of mechanical harvesters which chop the cane stalks into short
billets; this chopped-up cane deteriorates much more rapidly than manually-
cut, whole-stalk cane. It was clearly shown in a series of papers by BEgan
(19643196523 1965¢;196631967b;1968b) that this deterioration is due to

infection by L.mesenterocides, facilitated by mechanical damage caused by the

harvester. Research in Natal has concentrated on the chemical changes which
occur in harvested cane, with special reference to polysaccharides (Bruijn,
1966a,b31970). Microbiological aspects were not investigated, but it éppears

from the nature of the polysaccharide formed that L.mesenteroides is not a

major cause of post-harvest deterioration in Natal. Similar results were
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obtained by Nicholson & Lilienthal (1959) with regard to whole-gtalk cane

in Queensland.

Many other papers have been published on this topic, but in general an
empirical approach was adopted, in which observations were made on the
physical and chemical changes that occur during storage of cane after
harvest, without attempts to elucidate the cause.

Sugar factory staff on Tate & Lyle estates in the West Indies (British
Honduras, Jamaica and Trinidad) reported that 'sour' cane is a frequent
occurence, especially after elongated delays between harvesting and milling,
which tend to occur in the rainy season, or as a result of mechanical bregk-
downs, strikes, arson, etc. At such times the loss of recoverable sugar and
reduction of the factory capacity was estimated to be severe, although
economic assessments of the losses were not made. These observations,
together with the likelihood of introducticn of mechanical harvesting in the
region, and a lack of published research on post-harvest deterioration of
cane in the West Indies, stressed the need for a research investigation
there. The work reported in this thesis attempts to meet this need.

It was concluded from the literature that two main types of deteriora-
tion occur in harvested sugarcane. In healthy cane, physical and chemical
changes in juice composition/ggised by enzymes naturally present within the
stalk. Some of these changes are the result of the continued respiration and
metabolism of the cells. Other reactions are probably stimulated by physical
shock due to harvest and subsequent handling. They may also be affected by
pre-harvest burning of the cane (Rizk & Normand,1969), climatic conditions
before and after harvest, variety of cane, maturity of cane, soil type, etc.
These autolytic changes take place during the gradual death of the plant cells.
This type of deterioration will subsequently be referred to as 'autolysis' or
'staling' of cane, and is considered to be an aspect of plant physiology.

The other type of deterioration appears to be caused by infection of
harvested cane with specific microorganisms, and is considered here to be a

problem in biodeterioration. Hueck (1965) defined biodeterioration of

materials as "any undesirable change in the properties of a material caused
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by the vital activities of organisms®; a material was defined as "“the
y H

substance or matter of which any thing is made or to be made (by humans)".
However, it can be argued that the cells of freshly-harvested sugarcane are
still alive, in which case the problem may be one of plant pathology. This
view was held by Egan (19650) who regarded the phenomenon as a disease,
named 'sour storage rot'!, and the causative organism was described as a
pathogen. The resolution of this question is irrelevant at this stage,
because the fundamental principles of plant pathology and biodeterioration
are almost identical (Hueck,1965); it is discussed more fully in Chapter VI,
Biodeterioration of harvested sugarcane is subsequently referred to as 'sour
cane'.

The emphasis of research in this thesis was on sour cane rather than
stale cane, because the symptoms of the phenomenon in the West Indies
appeared to indicate microbiological deterioration.

Research was initiated in October 1966. A major constraint was that
initial research had to be executed at the Research Laboratories of Tate &
Lyle Ltd., in England, where sugarcane was grown in a greenhouse under
artifical conditions and was only available in very limited supplies.
Therefore much of the work utilised sugarcane air-freighted from the West
Indies. This limited the scope of the research because large quantities of
cane could not be sent, and it was impossible to guarantee the freshness of
the cane on arrival, despite efforts to preserve it by refrigeration. The
experiments were planned with these facts in mind. Efforts were made to
minimise the variability of parameters such a geographical location, climate
and local practice, by the restriction of research to Frome Estate in
Jamaica, where the problem of sour cane was reported to be severe. However,
a few samples of cane juice from British Honduras and Mauritius were also
examined. Later research was executed on location at Frome Estate during
the periods February - August 1969 and February - April 1970.

Hueck (1965) advocated a systematic approach to biodeterioration, based

on a comparison with pathology. This method was considered useful and is

adopted here as a logical approach to post-harvest biodeterioration of sugar-



cane in the West Indies.

Descriptions of the sugar cane plant, its cultivation, harvesf and the
process of sugar manufacture in Jamaica are given in the Appendix, together
with definitions of special terms in the sugar industry.

Symotoms

The deterioration occurs in juice contained in the parenchyma of the
cane stalk. The composition of cane juice (Table I,1.) enables it to support
growth of a wide range of microorganisms. This growth causes changes in

juice composition which give rise to the symptoms of sour cane.

Constituent % % of
soluble solids

Cane Water 73-76

Solids 2421
Fibre (dry) 11-16
Soluble solids 10~16

Juice Solids Sugars 75-92

Sucrose 70~-88
Glucose )reducing sugars 2= 4
Fructose) or ‘'invert!® 2« 4

Salts 3.0=T7.5
of organic acids 1.0-3.0
of inorganic acids 1.5-4.5

Free organic acids 0.5-2.5
carboxylic acids 0.1-0.5
amino acids 0.5-2.0

Other organic non-sugars
protein 0.5=0.6
starch ' 0.001-0.150
gums 0.3-0.6
wax,fats & phosphatides 0.05~0.15
unidentified %.0-5.0

juice pH 5.3-5.6

Table 1,1, Composition of sugar cane and juice solids
(Meade, 1963)

The most important symptom is a loss of sucrose, which is due partly to
its inversion to reducing sugars, and partly to its conversion to poly-
saccharides. Inversion (sucrose hydrolysis) is catalysed by acids and

invertase enzymes, which are present in normal cane and some microorganisms.
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In the sugar industry the sucrose content of juice is usually expressed by
its pol and purity; a decrease in pol and purity is usually accompanied by
an increase in reducing sugars.

The production of organic acids by microorganisms increases the juice
acidity, which may be measured by a rise in titratable acidity and a drop in
pH (Fort & Lauritzen,i938a). Lactic and acetic acids are the principal acids
formed, which give rise to a ‘'sour? smell (Friloux,Cashen & Cangemi,1965).

Another important symptom is a rise in 'gum' content, which leads to
increased juice viscosities and interference with the manufacturing process
(Foster,1969c). It is manifested by difficulties in juice clarification,
poor circulation in vacuum pans, reduced recovery of sugar, production of
elongated crystals, and poor filtrability of raw sugar. The composition of
the ‘gums® or polysaccharides responsible for these effects has not been
fully investigated. In early work, mainly based on examination of extracted
juice in the mill, these gums were often found to be dextrans produced by

Leuconostoc mesenteroides and other lactic acid bacteria, or levans produced

by Bacillus species (Perquin,1940). However, recent studies showed that the
polysaccharide isolated from stored, whole stalks is an a-glucoside differing
from L.mesenteroides dextran and not associated with growthlof this organism.
(Nicholson & Lilienthal,1959; Bruijn,1966b31970). This polysaccharide was
named ‘'sarkaran' by Bruijn (1970); it is probably a natural product of the
cane. The gum formed in deteriorated frozen cane (Irvine & Friloux,1965) or

chopped~-up canec(Egan,19650;1966) is almost certainly L.mesenteroides dextran,

Since there was little information on post-harvest deterioration of
cane in Jamaica, it was considered of prime importance to obtain basic data
on the physical, chemical and microbiological changes that occcur during
storage of harvested cane under Jamaican conditions. It was hoped this data
would indicate what type of deterioration occurs; what factors affect
deterioration; what economic losses are incurred, and what, if any, micro-
organisms are involved. Therefore, storage experiments on freshly-harvested

Jamaican cane were initiated. During 1966-1968, these experiments utilised

cane air-freighted from Jamaica, but in 1969 extensive trials were performed
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at Frome Estate. This work is reported in Chapter I1I. In addition,

attempts were made to assess the effects of sour cane on the factory process.
Diggnosis

It is desirable to be able to diagnose sour or stale cane before it
enters the mill, so that suitable corrective measures can be taken. In
extreme cases, cane of poor processing quality should be rejected because of
its harmful effects in the factory process. Therefore many attempts have
been made to devise a gquality control test to diagnose and estimate
deterioration.

A suitable test should be rapid, simple, accurate and sensitive, and
should accurately indicate either the degree of deterioration of the cane or
its processing quality. The known symptoms of deteriorated cane have enabled
several parameters to be considered for such a test.

Sucrose and reducing sugar content are of little use unless their
original values in the corresponding fresh cane are known, but this is seldom
the case. Furthermore, the variability of these parametersin fresh cane is
too great to permit comparisons with average 'fresh' analyses.

Barly workers in Louisiana favoured the use of titratable acidity or
'excess acidity'! for freeze-damaged cane (Fort & Lauritzen,1938a), but
recently Irvine & Friloux (1965) found that gum contentwas a more sensitive
parameter. This has been confirmed by Egan (1966) .in Queensland and Bruijn
(1966a) in Natal. However, the technigues used for determination of gums
were not sufficiently ravid for quality control purposes.

Most recently Keniry, Lee & Davis (1967a,b) showed that 'dextran’
content was a better index of processing quality than either gum or lactic
scid content for chopped cane in Queensland. The technique was based on
turbidimetric measurement of the 'haze' formed by addition of 50% ethanol to
starch~free, protein-free, cane juice. The advantages of this method were
its rapidity, simplicity and accuracy, and it was claimed that ‘dextran' was
not present in freshly-harvested cane. Evidence to the contrary was subse-

quently published by Foster (1969a), but since the method of Keniry et al

[ N it et anecific for dextran, Toster's results may be explained by
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the presence of cane polysaccharides different from L.mesenteroides dextran.

The choice of a standard dextran to calibrate the haze analysis technique

is difficult because the dextrans produced by L.mesenteroides vary con-

siderably in physical properties between strains (Jeanes et al,1954).
Despite these disadvantages it was felt that determination of tdextran' by
haze analysis warranted extensive study in Jamaica.

Tt was also considered that the viscosity of cane juice may be a
suitable indicator of ezcessive polysaccharide formation. It can be
determined rapidly and easily, and calculation of specific viscosity
eliminates the effect of the inherent viscosity of the fresh juice.

Other parameters, such as volatile acids, alcohols, non-volatile
organic acids, amino acids (Bruijn,1966a) and pH (Egan,1966) were reported
to be unsuitable.

Diagnosis of microbiological deterioration should ideally include
microbiological tests, but most available methods were unsuitable for quality
control purposes because they require a long incubation time. Direct micro-
scopic examination does not differentiate between live and dead cells or
between biodeteriogens and harmless organisms. However, rapid methods such
as the methylene blue reduction test are widely used to assess the bacterio-
logical quality of milk and justified their evaluation for estimation of

sSouY cane.

Etiology

The criteria for establishment of an organism as the causative agent
of a disease were first defined in the three classical postulates of Koch
(1882), and applied to biodeterioration by Hueck (1965). These principles
are adopted here.

Although little work has been published on the microbiology of
harvested cane, the microflora of extracted cane juice in the mill was
studied by several authors. gince a high proportion of organisms present

in mill juice are derived from cane, some qualified conclusions may be

drawn from this work in regard to the etiology of sour cane.



Early work was reviewed by Thaysen & Galloway (1930), Perquin (1940),

Hucker & Pederson (1942) and Owen (1949). The organism most often associated

with gum and slime formation in mills was Leuconostoc mesenteroides, but in

some cases the causative organisms were lactobacilli or Bacillus species.

In Louisiana, McCalip & Hall (19%8) isolated L.mesenteroides in almost pure

culture from frost-damaged cane, whilst later studies by McCleskey, Faville
% Barnett (1947) showed that this organism was the principal cause of gum
formation in cane juice. However, Majeux (1960) and Duncan & Colmer (1964)
suggested that coliform bacteria (Aerobacter Species) may also be important.
Tn Australia the work of Egan (1964;19653;bc;1966;1967a,b;19683,b) and Egan
& Rehbein (1963%) conclusively demonstrated that L.mesenteroides is the
principal cause of the rapid deterioration of mechanically harvested, chopped
cane, although in whole-stalk cane Nicholson & Lilienthal (1959) showed that
this organism was not associated with the formation of a new, non-—dextran
polysaccharide.

Tt was concluded from the circumstantial evidence in the literature that

L.mesenteroides might be a principal biodeteriogen of whole-stalk cane, but

research was needed to test this hypothesis in accordance with Koch's
postulates. The role of other potential deteriogens such as lactobacilli,
yeasts and Bacillus species also required investigation.

Research on the etiology of sour cane in Jamaica had three main
objectives. Firstly, the effect of storage time on quantitative and
qualitative changes in the microbial flora of narvested cane was examined Dby
means of various gelective media (Chapter III). Secondly, pure cultures of
predominant types of organism were selected from these media and identified
to specific level (Chapter V). It was hoped these results would enable
valid conclusions to be made with respect to Koch's first and second
postulates. Finally, it was necessary to distinguish between deteriogenic
and non-deteriogenic organisms and satisfy the conditions in Koch's third
postulate. Since most of this work had to be executed in the U.K., where
cane was in short supply, an 1in vitro' screening test was devised in which

e 1deteriogent power' of selected isolates was tested by their inoculation



into a ‘synthetic cane Juice'. A few isolates were subsequently inoculated
into cane stalks (Chapter V).
Biodeteriogensis
According to Hueck (1965), the development of biodeterioration phenomens
may be divided into the phases of infection, incubation and mgnifestation.
Infection requires suitable environmental factors and the presence of a
suitable infection mechanism. Both these items are governed by factors
which vary according to local practice and geographical location. Assuming
that healthy, standing cane doesnot contain microorganisms inside the stalk,
and that potentially deteriogenic organisms are in contact Witgﬁ;;terior of
the plant, it is likely that initial infection occurs through mechanical
damage to the stalk. In warm, tropical climates the principal entry mechanism
is probably through the cut ends at harvest. The only study of this is the
work of Egan (1964;19653;19650) on the infection of mechanically-harvested

chopped cane with L.mesenteroides in Queensland. This organism was not

detected inside standing cane but it was found in small numbers inside the
cut ends within 10 minutes of harvest. Chopped cane was infected more
heavily and more frequently than whole-stalk cane; this was explained by the
greater degree of mechanical damage and increased number of potential points
of infection in the former. In colder climates, such as Louisiana and

Argentina, it appears that entry of L.mesenteroides into stalks is facilitated

by splits in the stalk caused by frost damage (McCalip & Hall,1938; Cross,
. 0 .
1966). 1In Jamaica temperatures do not fall below 66 F, so thisentry

mechanism is not applicable, but the infection of freshly-cut ends with

L.mesenteroides was examined for a few whole-stalks and mechanically-
harvested billets (Chapter VI).

In many countries, including Jamaica, cane is burnt prior to harvest to
remove unwanted foilage. It is widely held that burnt cane deteriorates more
rapidly than green cane, partly because in some varieties burning causeé

splits in the stalk which provide potential entry mechanisms for organisms

(Stephenson & Doolan,1947; Owen,1949; Balch,Broeg & Lautitzen,1950), but in
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Queensland, Waddell (1952,1954) obtained the opposite result. It is likely

that the effects of burning are greatly influenced by rainfall; burning also
influences the autolytic changes in harvested cane (Rizk & Normand,1969).
"Since the practice of burning cane in Jamaica is well-established and
likely to rgmain so for economic and social reasons, only a few comparisons
were made between the deterioration of green and burnt harvested cane
(Chapter III)e However, attempts were made to assess the 'sterilising’

effect of burning on the content of L.mesenteroides in the epiphytic flora

of standing cane.

Damage of cane by insects or disease may also facilitate infection
(McCaig & Fort,1936; Mayeux,1960). In Jamaica the cane borer insect {Diatrea
saccharalis) is pre¥atent, so a comparison was made between the

L.mesenteroides count of juice from healthy and borer-damaged cane

(Chapter VI).

The mechanism by which L.mesenteroides penetrates the stalk after

infection and colonises the parenchyma, with resultant changes in juice
composition,.éée not known. Egan (1965a) found that penetration and growth
of this organism in chopped cane was very rapid, and postulated that its
initial spread throughout the plant occured by passive transport in the
vascular bundles. In whole stalks, the rate of penetration and growth of
the organism was slower (Nichokon & Lilienthal,1959). There is no evidence

whether L.mesenteroides is a plant pathogen and kills living cells or whether

it is merely saprephytic. Time did not permit an investigation of these

mechanisms here, but the rate of penetration and growth of L.mesenteroides

in cane was determined (Chapter vI).

The length of the incubation period, before symptomsof sour cane beceme
evident, depends on the degree of initial infection (or mechanicsl damage)
and environmental conditions. As expected, the degree of deterioration of
harvested cane is directly proportional to its time of storage. Most workers

agree that whole stalks should be milled within 24 to 48 hours of harvest to
prevent significant sucrose loss (Scott,1926; Haldane,1933; Beata Neves,1935;

gubbaiva,1938; Rosenfeld,1941; Wold,1946; Stephenson & Doolan,1947). With
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chopped-up cane, however, significant losses occur within 14 to 24 hours, dep-
ending on climatic conditions (Keniry et al,1967b; Kirby,1968; Vickers,1968).

The effect of climatic conditions on deterioration of harvested cane is
difficult to assess because of the inability to control this parameter in
large~scale experiments. It is probable that the rate of deterioration is
proportional to storage temperature (Deerr,1921; Lauritzen & Balch,1935), but
the effect of rainfall and humidity is uncertain. Autolytic changes in
cane are probably enhanced by the death of plant cells due to loss of turgor
in hot, dry weather, and retarded when the cane remains moist. However,
moist climatic conditions probably increase the degree of infection and
accelerate the growth rate of microorganisms. Some observations on these
factors are reported in Chapters III, VI and VII.

The rate of deterioration of harvested cane in Jamaica wasinvestigated
in a series of storage experiments over a five month period in 1969 {Chapter
III). At this time all cane in Jamaica was manually cut, but in 1970 the
first mechanical chopper-harvester was introduced for trials at Frome Estate.
Advantage was taken of this to compare the deterioration rates of manually-
cut, whole~étalk cane and mechanically-harvested, chopped-up cane.

It is known that there are varietal differences in the rate of post-
harvest deterioration of sugarcane. Haldane (1933) postulated that these
differences are due to variation in resistance to damage gg.moisture loss,
but nothing is known of the resistance of varieties to infection with

L,mesenteroides. This was not investigated in this thesis, since most of

the storage experiments utilised variety B4362 which comprised 73% of the
cane reaped in‘Jamaica in 1969. Similarly, although the age and maturity of
cane is thought to influence its rate of deterioration after harvest, the
experiments were standardised by using mature cane approximately 12-15 months
old.

Nothing is known of the effect of strain, inoculum sigze and physidlogical

state of the organism on infection of harvested cane and its subsequent

deterioration. These parameters were not studied here.



Ecology

Some evidence shows that L.mesenteroides is present in the epiphytic

flora of cane and in the soil of canefields (Mayeux,1960; Mayegx & Colmer,
1961; BEgan,1965a); it is also found frequently in raw sugar factories (Owen,
1949). No studies have been reported of vectors of transmission of this
organism from its primary sources of infection to the cut ends of harvested
cane, although Egan (1965&) isolated it from the juice-soaked mud of a
chopper-harvester.

Since L.megsenteroides has not been detected inside standing cane stalks,

it is postulated that a principal means of infection of harvested whole-
stalk cane is the transmission of this organism from the soil and exterior
of the stalk to the cut ends by means of the cutting instrument, or machete.
Attempts were made to verify this hypothesis by examination of soil, the

exterior of the stalk, and machetes for L.mesentercides (Chapter VI). It is

considered that direct contact between the cut ends of cane and the ground
may also be a significant method of infection. In addition, some attempts
were made to assess the role of insects and airborne dust as vectors of

L.mesenteroides. The possible enrichment of soil with this organism by

application of factory filker—cake mud as a fe%ﬁiliser was examined.

The reported occurrence of sour cane in mény different parts of the
world indicates the wide geographical distribution of deteriogens such as
L.mesenteroides.

Control

The simplest method of control of sour cane is to mill the cane before
economic losses become significant, but this is often impossible due to
unforeseen and uncontrollable circumstances. Research on dete¥ioration of
mechanical ly~harvested chopped-up cane in Queensland showed that an improve-
ment in the logistics of cane cutting and transport was the only practical
solution to the problem (Allen,1967; Egan,1968b3;1969; Foster,1969b). There-

fore attempts were made to assess the efficiency of harvest and transport

systems in Jamaica by means of time studies (Chapter VII).
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An alternative solution may be the prevention of infection or
inhibition of growth of the deteriogen after infection by application of
bacteripgbatic or bactericidal chemicals. These approaches were tried by
Egan (1965b,1968a), who dipped or soaked the cut ends of freshly-harvested
cane in various bactericides, and sprayed the chopper-harvester blades and
cut cane. This proved ineffective, due to failure of the chemicals to
penetrate the stalk. Fumigation of cut cane billets in bins with formalde-
hyde achieved some success but was found to be uneconomic; this approach
could not be considered for whole-stalk cane in Jamaica.

In the present research, many bactericides were screened in the
laboratory for their ability to inhibit L.mesenteroides and to penetrate
cane stalks (Chapter VIII).

Inhibition of Leuconostoc growth by modification of the physical
environment does not appeav practical. However, the possible application
of molasses to reduce water activity in the cut ends of the stalk was
investigated (Chapter VIII).

Prophylaxis of some cane diseases by the breeding of resistant varieties
is widely practised (Martin, Abbot & Hughes,1961), but this approach was
considered to be beyond the scope of the present investigation. Since it is

not known whether L,mesenteroides is a plant pathogen or a saprophyte, it is

uncertain whether this method would be applicable to sour cane.

One practical approach to help minimise sour cane may be the application
of a penalty system to cane growers, based on the results of a quality
control test at the factory which estimates the degree of deterioration of
incoming cane. The difficulty here is to find an acceptable guality control
test; attempts to solve this problem are discussed in Chapters III and VIII.

It was apparent that the chances of finding a satisfactory method for
prevention of sour cane were slight. However, the harmful economic effects
of sour cane include not only loss of sucrose prior to milling, but inter-
ference by polysaccharides such as dextran with subsequent factory perform-

ance. A novel method of removing harmful dextran from cane juice in the

pill prior to processing, by treatment with the enzyme, dextranase, was



investigated (Chapter VIII).

Bconomic losses

Post-harvest deterioration of cane results in two main sources of
economic loss. Firstly, both the weight of cane and its sucrose content are
reduced prior to milling, which causes a drop in the yield of tons of sugar
per acre. Since the grower is paid on the basis of recoverable sugar in the
actual tonnage of cane delivered at the factory, this represents a financial
loss to the grower. Secondly, deteriorated cane adversely affects factory
performance in many ways, notably, poor juice clarification anéﬁféquirement
of extra lime to neutralise acidity; increased viscosities of process
materials, which retard boiling and crystallisation and hence reduce the

effective capacity of the factory; production of elongated crystals which

are not acceptable in many sugar refineries, and which cause difficulties in

purging; a reduction in exhaustability of molasses and recovery of sugar, with

an accompanying increase in the amount of sucrose in molasses, and the pro-
duction of raw sugar of poOr filtrability which does not handle well in the
refinery.

Despite a wealth of papers from many countries in which the rate of
loss of sucrose in harvested cane is measured on a experimental scale, no
assessments of actual economic losses appear to have been made. Such an
assessment was considered to be of prime importance in the present study,
because this information is essential to the rational development of control
measures. Hconomic losses of sucrose in the field were assessed for the
1869 crop at Frome Estate. Mean rates of loss of recoverable sugar in
stored, cut cane were determined for the principal variety over a 5-month
period. The distribution of age of cane post-harvest at the mill was
determined by time studies for the same period, and this data was used to
estimate the actual loss of recoverable sugar in cane (Chapter VII).

In recent years the increased incidence of sour cane due to mechanical

harvesting in Queensland has stimulated research on the effects of dextran
on processing (Sutherland,1960a,b; Keniry et 21,1967a; Sutherland,1968;

Sutherland & Paton,1969; Leonard & Richards,1969). Again, although some of



these effects were studied quantitétively, no attempts were made to estimate

the economic loss incurred.

In practice, fhe economic effects of sour cane on the’factory process
are extremely difficult to assess, owing to the continuous nature of the
process. However, some attempts were mads to estimate these losses at
Frome in 1969 and part of 1970. Daily determinations of the dextran content
of mill Jjuice were made, and for limited periods the crystal elongation

of c-massecuites was examined (Chapter VIiI).



CHAPTER IT STANDARD METHODS AND MATERTALS

A MICROBIOLOGICAL METHODS

1. Enumeration of microorganisms in cane juice

Viable counts of organisms were determined by the pour plate technigue.
Tenfold serial dilutions of neat cane juice were made in sterile 4—strength
Ringer solution (Oxoid). 1 ml. aliquots of three selected dilutions were
pipetted into petri dishes and mixed with molten medium at 45-50°C. Plates
were incubated for the selected time and temperature, and the colonies
counted. One plate at each dilution was used for routine work, but plates
were duplicated when greater accuracy was reguired. Selective media were
used to isolate and enumerate selected groups of microorganisms.

2. Total spoilage organisms

4 medium was sought which would permit the growth of all microorganisms
capable of growing in normal, fresh cane Jjuice. Alford & McCleskey (1942)
compared four media for isolation of bacteria from cane juice. A medium
containing sucrose 10%, trytone 1%, and yeast extract 0.1% (sucrose tryptone
agar) gave consistently higher counts than either nutrient agar or raw Jjuice
tryptoneagar (1% tryptone in sterile cane juice)a Further work by Faville
(1947) and McCleskey, Faville & Barnett (1947) utilised raw sugar agar
(tryptone 1%, yeast extract 0.5%, raw sugar 10%, pH 6.7) for isolation of

Leuconostoc mesenteroides from cane juice.

The following medium was selected for isolation of total spoilage
organisms in cane juice. Its composition was intended to be a simple,
nutritionally adequate, reproduceable imitation of fresh, natural cane
juice. It was named sucrose tryptone agar.

Sucrose Tryptone Agar (STA)

Sucrose 100g.
Glucose 10g.
'Difco? Tryptone . 10g.

‘Difco' Yeast Extact 5g.

*O0xo0id' Ionagar No.2 20g.

Distilled water 1L
pH 5.5



It was sterilised in the autoclave at 15 p.s.i. for 10 minutes.

Colonies were counted after aerobic incubation at SOOC for 2-3 days. The
medium was clear and permitted the easy enumeration of colonies. Organisms
which produced slime from sucrose were recognised by their mucoid colonial
appearance. It supported the growth of lactic acid bacteria, Bacillus spp.,
Gram negative rod-shaped bacteria (including coliforms), yeasts, moulds and
actinomycetes.

3. Lactic acid bacteria

The closely related genera Leuconostoc and Lactobacillus were the most

common organisms in cane juice. These organisms have similar growth require-
ments and grow in the same selective media.

Selective media for lactobacilli were reviewed by Sharpe (1960), who
recommended that of Rogosa, Mitchell & Wiseman (1951) for isolation of
lactobacilli from human, animal and dairy sources.

a) U.X, BExperiments

"Oxoid' Rogosa Agar (Modified, pH 5.4), or 'Difco® Rogosa SL broth plus
agar (1.5%) was used. Initially the plates were incubated for 5 days at 300C
in an atmosphere of 88% N2 / 1% COZ’ but later it was found that aerobic
incubation for 3 days at BOOC was satisfactory. Yeasts were inhibited by
incorporation of Mycostatin 50 units/ml. (E.RnSquibb & Sons Ltd.,Moreton,
Cheshire} in the medium. This inhibited growth of a wide range of yeast
species without effect on the lactic acid bacteria. Counts of Leuconostoc
species on this medium were similar to those obtained on STA.

b)  Jamaica Experiments

Rogosa agar was not considered suitable for research work in Jamaica
because of its high cost, complexity, and non-availability. Therefore a
more simple, economic and easily prepared alternative was sought. Two
chemicals were congidered for incorporation in STA to make it selective for
lactic acid bacteria. Thallous acetate 0.1% was recommended by Sharpe (1955)
for selection of lactobacilli, whilst sodium azide 0.005-0.3% was used by

Mayeux & Colmer (1961) for selection of Leuconostoc. A preliminary experiment



showed that 0.00S% sodium azide in STA inhibited growth of Bacillus species

and Gram-negative rods, but did not inhibit several yeast species. Increases
in azide concentration up to 0.03%% progressively inhibited both yeasts and
lactic acid bacteria,

A comparison was made between three media for their ability to support

growth of 87 isolates of lactic acid bacteria (Leuconostoc mesenteroides

and Lactobacillus species), 5 yeast species, 7 Bacillus species and 18

isolates of Gram-negative aciduric rods. The media were :-
A. STA + Seitz filtered sodium azide (BDH Ltd) 0.005% concn.
B. BSTA + Seitz filtered thallous acetate (BDH Ltd) 0.1% final concn.

C. 'Difco' Rogosa SL broth + agar, 1.5%

fedium B permitted more rapid growth of lactic acid bacteria than 'A'! or
'C'. Media A and B inhibited growth of all non-lactic organisms, but 'G!
allowed growth of 3 yeast strains and 2 Gram-negative rods. All organisms
grew well on plain STA which was used as a control. It was concluded that
Medium B was the most satisfactory selective medium for lactic acid bacteria,
since it permitted good growth of nearly all these organisms after two days
incubation, whilst all other organisms were inhibited.

Therefore the medium chosen for selection of lactic acid bacteria from

cane juice in Jamaica was STA plus thallous acetate 0.1%, denoted STATA.

The thallous acetate was autoclaved in the medium without loss of effect.
. 0
Plates were counted after 2-3 days aerobic incubation at 30 C.

c) Differentiation between Leuconostoc mesenteroides and Lactobacillus

species.
Mundt & Hammer (1966) reported that 7% ethanol inhibits growth of

Leuconostoc mesenteroides but permits growth of Lactobacillus species. 39

strains of L.mesenteroides and 33 Lactobacillus species isolated from cane

juice were screened for their ability to grow in 'Difco' Rogosa SL broth

containing 7% ethanol. Only 3 strains of L.mesenteroides grew compared with

24 isolates of lactobacilli. This technique was used for rapid differentia-

tion of colonies of Leuconostoc and Lactobacillus, which are of similar
LEUCoNos oL
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4, Catalase-positive, Gram-negative, aciduric bacteria

The selective medium adopted for isolation of these organisms was
recommended by Carr (1966) for acetic acid bacteria :-—

Glucose Yeast Extract Agar (GYE)

Glucose 20¢g.
'‘Difco® Yeast Bxtract 10g.
*Oxoid! Ionagar No.2 30g.
Distilled water 1L
pH 4.8
It was sterilised in the autoclave at 10 p.s.i. for 10 minutes.
Non-aciduric organisms were inhibited by the low pH, whilst lactic
acid bacteria were inhibited by Actinomycin, 2PPM, (Calbiochem, Los Angeles,
California) (Beech & Carr, 1960), and yeasts were inhibited by Mycostatin,
50 units/ml. The antibiotics were added to the molten, sterile medium
before use. The plates were incubated aerobically for 2-3 days at BOOCQ

In practice it was found that all organisms isolated on this medium were

catalase~-positive, Gram-negative, aciduric, rod-shaped bacteria.

5. Yeasts and Moulds

a) Mesophilic veasts

These were isolated on Wort Agar (Oxoid) containing 500 PPM Aureomycin
(Lederle Laboratories Division, Cyanamid of Gt.Britain, London) to inhibit
bacteria (Beech & Carr,1955). Moulds were inhibited by the evaporation of
0.1 ml., saturated alcoholic diphenyl on the 1lid of the petri dish prior to
incubation (Ingram,1958). The plates were incubated aerobically for 3 days
at 30°C.

§§ Osmophilic veasts

A modification of the osmophilic agar medium of Scarr (1959) was used -

Difco Wort Agar, 50.6g. was dissolved in 1 L of a syrup which contained
sucrose 35%, and glucose 5%, in distilled water. The pH was 5.0-5.5. The
medium was sterilised in the autoclave at 10 p.s.i. for 15 minutes. Plates
were incubated aerobically for 3-5 days at BOOC. |
c)  Moulds

Wort agar (Oxoid) containing 500 PPM Aureomycin was used. Plates were

. . o
vt ad afian 9 Z and 5 davs serobic incubation at 30 C.



6. Bacillus species

The sample dilutions were heated for 20 minutes at 80°C to kill

vegetative cells,

t ml. aliquots were then plated on nutrient agar (0xo0id)

and the plates were incubated aerobically for 5 days at BOOG. This method

gives a count of bacterial spores of the genus Bacillus.

7. Coliform bacteria

Maconkey Agar No.3 (Oxoid) was used.

addition of 50 units/ml. Mycostatin.

incubation for 24 hours at 3700.

8. Growth and maintenance media

After isolation on selective media, organisms chosen for further study

were grown and maintained on media shown in Table II,1.

Yeasts were inhibited by the

Plates were counted after gerobic

Group of Micro-
organism

Growth Media

Maintenance Medium

genus Leuconostoc

Yeast extract glucose
citrate (YGC) broth or
agar (Garvie,1960)

Yeast extract glucose
skim milk (Garvie,

1960)

genus Lactobacillus

MRS broth or agar
(de Man, Rogosa &
Sharpe, 1960)

Yeast extract glucose
skinm milk (Garvie,
1960)

Catalase-positive, Gram-
negative bacteria

GYE broth or agar
pH 7.0 (Carr,1966)

GYE agar slopes, pH 7.0
(Carr,1966)

Mesophilic yeasts

Malt extract broth and
Sabouraud Dextrose agar
(Oxoid)

Wort agar slopes
(Oxoid)

Osmophilic yeasts

Osmophilic agar
(modified after Scarr,

1959)

Osmophilic MYGP broth
(Brewing Industry Research
Foundation, Nutfield,
Surrey)

Coliform bacteria

Maconkey Agar No.3
(0xo0id)

Nutrient agar slopes
(oxoid)

genus Bacillus

Nutrient broth or agar
(0xo0id)

Nutrient agar slopes
(Oxoid)

Table IT,1.

Growth and maintenance media for microorganisms

isolated from cane Jjuice.




Maintenance cultures were stored at 400,

Some strains of leuconostocs and lactobacilli were preserved by freeze-
drying, using a modification of the method of Rose (1970).

9, Microscopic examination

Smears of pure cultures were stained by Gram (Hucker modification).

10. Catalase test

Plates were flooded with hydrogen peroxide 10 volumes %. Bvolution of
gas bubbles denoted the presence of catalase.

11+ Preservation of cane juice samples

All samples of cane juice were examined within one hour of extraction,
where possible. When this was impossible, juice for microbiological examina-
tion was stored at 406 in a refrigerator and analysed within 24 hours.
Control tests showed that the microbial flora of chilled juice remained
unchanged for this period, but after 2 days storage the count increased
slightly. Freezing of Jjuice was unsatisfactory as it reduced the count by
90%.

Juice for chemical gnalysis was preserved for periods up to 24 hours by
the addition of 0.1 ml. saturated alcoholic mercuric chloride per 100 ml.

juice. Juice was frozen when the delay prior to analysis exceeded one day.

B. PHYSICAL AND CHEMICAL METHODS

General methods of sugar analysis. were selected from the recommendations
of the International Commission for Uniform Methods of Sugar Analysis (ICUMSA)
(de Whalley,1964), and the Manual of Methods of the Jamaica Association of
Sugar Technologists (JAST) (Innes,1965).

Definitions of terms are given in the Appendix.

1. Brix
Refractive Brix was determined in an Abbé refractometer.

2. Polarisation

Direct polarisation was determined in a polarimeter by the official

ICUMSA method (de Whalley,1964).




5. 1
Electrometric determinationsof pH were made by a pH meter.

4. Reducing sugars (R.S.)

a) United Kingdom

The R.S5. content of cane juice was determined by the Luff-Schoorl
volumetric technique (Runeckles,1961).
b) Jamaica

The R.S. content of cane juice was determined by the official ICUMSA
Lane and Eynon volumetric technigque (de Whalley,1964).

c) Screening of microorganisms for deteriogenic power

Many microorganisms were screened for their ability to cause deteriora~
tion of a synthetic cane juice (Chapter V), including the formation of
reducing sugars from sucrose. A method for determination of R.S. was sought
which would enable rapid analysis of large numbers of samples. The required
range of measurement of R.S. was O - 0.1% with an accuracy of z 0.005% R.S.
The methods of Luff-Schoorl and Lane and Eynon were too time-consuming for
this purpose. The selected method was a modification of the EDTA fitrimetric
technique of Knight & Allen (1960) :-

Synthetic cane juice was diluted 1:100 with distilled water to give R.S.
contents between O and 0.1%; the original R.S. content of the uninoculated
juice was 1.8%, and the sucrose content 16.5%. 1 ml. aliquots were pipetted
into 6 x 2 inch test tubes, diluted with 5 ml. distilled water and mixed with
2 ml. copper reagent. The tubes were immersed in a boiling water bath for 5
minutes, cooled, and the contents titrated against 5mM EDTA using murexide
indicator. Standard solutions were prepared with Analar giucose and invert-
free sucrose to give R.S. contents of O to 0.1% at a constant total sugar
concentration of 0.18%. There was a linear relationship between % R.S. and
EDTA titre over this range, and the method wag reproducgable.

5.  Sucrose

The officisl ICUMSA Clerget method was generally used (de Whalley,1964).

This is a double polarisation technigue, before and after enzymic inversion

A Y B emwr it aoaans
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Some determinations were made by the ICUMSA chemical method (de Whalley,

1964), in which R.S. are determined by the Lane % Hynon technique before and

after enzymic inversion.

The sucrcse and R.3. content of cane juice from experiments on stored,
harvested cane at the Research Centre in 1968 were determined on a Technicon
Avto-Analyser, by a technique using sodium borohydride and Prussian blue
(Runeckles & Dann,1968) .

6. Gum

'Gums' in cane Jjuice are defined as soluble, alcohol-precipitable poly-
saccharides of high molecular weight. This includes pectins, hemicelluloses,
dextrins, dextrans and levans, but excludes starch which is in the insoluble,

granular form in unheated cane Jjuice.

Two methods of determination were used in initial experiments :-

a) The Louisiana Method (Roberts & Friloux,1965)

Starch was Tirst removed from the juice by centrifugation. 10 ml. super-

natant was treated with 30 ml. ethanol and the precipitated gum was removed

by centrifugation, washed in 80% ethanol, and re-dissolved in distilled water.

The total sugar content of the solution was determined colorimetrically

nm
(490%} by the phenol-sulphuric acid method, with glucose as standard. Results

were expressed as gum % Brix.

b) The Natal, or Sugar Milling Resegrch Institute (S.M.R.I.) Method

(Bruijn,1966§)

Starch was first removed from the juice by filtration through Whatman

No.40 filter paper. 15 ml. juice was treated with 100 ml. acidified ethanol

(150 ml. 95% ethanol, 15 ml. conc. HCl, 15 ml. water) and the solution allowed

to stand overnight. The precipitate was filtered through a Gooch crucible,

dried, weighed, and the weight corrected for included ash after ignition.

Results were expressed as gum % Brix.

This method was rapid and gave good agreement with pure dextran standards.
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7. Dextran

Dextrans are defined as homologous polymers of D-glucopyranose with
predominantly a~(1-6) linkages. The high molecular welght of native dextran
renders them insoluble in 50% ethanol. This is the basis of the ‘haze
analysis' technique for estimation of dextran content of cane Jjuice, used by
Keniry, Lee & Davis (1967a,b), based on earlier work by Nicholson & Horsley
(1959). However, the method is not specific for dextran, since it determines
all the polysaccharide material precipitated from a starch-free and protein-
free solution by 50% ethanol. Despite this disadvantage, the method was
adopted because it is rapid, accurate, and suitable for routine determinations
of 'dextran' in the cane factory.

a) Raw cane Jjuice

50 ml. juice was treated with 10 ml. trichloracetic acid, 10% w/v, to
precipitate protein. 2 g. diatomaceous filter aid was added and the mixture
was filtered under vacuum through Whatman No.5 filter paper to remove starch
gnd protein. The filtrate was divided into two 10 ml. aliquots. One
aliquot, the ‘blank'? was mixed Wifh 10 ml. distilled water; to the other was
added 10 ml. ethanol. After 15 minutes, the optical density of the ‘haze' in
the test solution was determined colorimetrically at 720 n against the
corresponding water ‘'blank®.

The dextran concentration was determined from a standard curve prepared
with a pure dextran at concentrations from O to 0.4% w/v in a 2OO brix
sucrose solution. Initially the standard dextran was prepared from a growing

culture of Leuconostoc mesenteroides strain 120, (isolated from sour cane),

by the method of Jeanes (1965). Later, a commercially available, high

molecular weight dextran was used (food grade dextran), MW 5-40 million,

catalogue no.1527d; Koch-Light Laboratories Ltd., Colnbrook, Slough, England).

The standard curve obtained with these two dextrans was almost identical.

g o
Dextran content was expressed as dextran % brix.

A later paper by Keniry, Lee & Mahoney (1969) recommended several

. - )
improvements to their earlier method, including an extension of the

Ineuhats am +ima +o 20 minutes. This was adopted in work during 1970,



b) Process materials

The method of Keniry et al (1969) was used for syrups, massecuites and

molasses.

The process material was diluted with water to 400 brizx. 50 ml. was
treated with a mixture of ion-exchange resins, consisting of equal parts by
weight of Amberlite IR-120 (H) and Amberlite IR-45 (0H), (B.D.H. Ltd.), at
the following rates :~ syrup, 1g; masseculite, 5g; molasses, 10g. 0.5ml.
fungal o-~amylase (Novo IT, Globe Products Ltd., Accrington, England) solution
was added. The enzyme was prepared as a 0.4 % w/v stock solution in acetate
buffer, pH 5.5 and stored at 4OCo The mixture was incubated in a water

0 .
bath at 40°C for one hour with occasional shaking, to remove soluble starch

and inorganic salts. It was then decanted through a 100-mesh gauze and made

up to 100 ml. with distilled water, including washings. 10 ml. trichloracetic

acid, 10 % w/v, was added, and the solution was filtered under vacuum through
Whatman No.5 filter paper with filter aid. The dextran content of the
filtrate was determined as in (a).

B Viscosity

The viscosity of cane juice and synthetic cane juice was determined by
the capillary tube method in a Ostwald viscometer, according to the technique
described by Findlay (1960).

Simple Ostwald-type viscometers were used, with a viscosity range of 2
to 20 centipoises (cP) (Baird & Tatlock Ltd., Chadwell Heath, Essex, England).
They were calibrated with distilled water and checked against an NPL
calibrated viscometer using a standard 20% w/v sucrose solution.

The viscometers were immersed in a water bath maintained at 25°C i 0.1
(U.K. experiments) or 30°C ¥ 0.1°% (Jamaica experiments). All cane juices

were filtered free of particulate matter prior to test. Julces were

equilibrated in the water bath'for 15 minutes, then the time of outflow,

'$! seconds, was measured by a stopwatch to the nearest 0.1 second; the

mean of three determinations was calculated.
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The absolute viscositV7Zof juice

1

where " =
k =
p =
and t =

The specific viscosity Q spec. of

‘7 spec.

where n =

Mo =

equation :-

i

was calculated from the equation :-

kpt
absolute viscosity in cP
viscometer constant

density of juice at ZSOC,determined
from standard tables of density of
sucrose solutions at various values
of brix (Table 22, Meade,1963).

mean time of outflow in seconds

cane juice was calculated from the

(lf’lo)

absolute viscosity of Juice in cP

absolute viscosity of a pure sucrose
solution at the same brix and
temperature as the test solution,
taken from standard tables.




CHAPTER ITIY

THE MICROBIOLOGICAL, PHYSICAL AND CHEMICAL CHANGES

WHICH OCCUR DURING STORAGE OF HARVESTED SUGARCANE.

4. INTRODUCTION

1, symptoms of deteriorated cane

The literature contains many publications from most cane-growing
countries on the physical and chemical changes which occur in harvested
sugarcane. JSome general conclusions may be drawn from this work which appear
to be universally valid despite the wide range of variation in parameters
such as variety of cane, climatic conditions, harvest practice, etc.

The most important fact is that the amount of recoverable sugar in
harvested cane (:’yield?) decreases with time of storage. This is due to a
combingtion of two main factors. Firstly, sucrose is lost by its conversion
to other compounds, principally reducing sugars and polysaccharides. These
changes are mainly due to invertases and other enzymes found naturally within
the stalk; and also to enzymes produced by invading microorganisms.
Invertases catalyse the hydrolysis of sucrose to glucose and fructose, which
may be utilised as energy sources in respiration and growth of the plant
This reaction (‘'inversion') is also catalysed by acids and proceeds

cells.

at a rate directly proportional to the acidity.
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0
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combination of two main factors. Firstly, sucrose is lost by its conversion
to other compounds, principally reducing sugars and polysaccharides. These
changes are mainly due to invertases and other enzymes found naturally within
the stalk; and also to enzymes produced by invading microorganisms.
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At least two invertases are present in sugarcane, one being most active

8

under acid conditions, the other under neutral conditions; their activities

vary relative to each other, and absolutely, in different parts of cane
stalks at different stages in maturity of the plant (Rizk & Normand,1969b) .
The effect on sucrose of microbial growth in harvested cane is
dependent on the species of organism and its associated metabolism. Many
organisms, notably some species of yeast, produce extracellular invertase.

Lactic acid bacteria typically convert sugars to lactic and acetic acids,

mannitol, and in some species, carbon dioxide. Leuconostoc mesenteroides

produces in addition the enzyme dextransucrase which catalyses the formation
of fructose and the polysaccharide, dextran, from sucrose (Anderson,1963) L=
dextransucrase

sucrose > (glucose)n + n fructose
dextran

Dextran is a predominantly a-1,6 linked polyglucan in which the repeating

unit is :-
- ,//////CHZ _ ///
/ O 0 0 /O
0
d or \ " o5 \ | ]
- ! log Dextran ! ba

Various species of Bacillus, e.g. Besubtills, produce the extracellular

enzyme levansucrase, which catalyses the formation of glucose and the poly-

saccharide, levan, from sucrose (Anderson,1963) :-

levansucrase

sucrose + n(fructoseh\—u-—————? (fructose)n+i + glucose
levan

Levan is a B-2,6 linked polyfructosan, in which the repeating unit is ¢~

——
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There is also evidence for a polysaccharide in harvested, whole-stalk

cane, whose formation appears to be due to metabolic changes in the plant

rather than the growth of microorganisms. This polysaccharide is a glucan

containing 25-30% o~1,6 and 70-75% a~1,4 glucosidic linkages (Nicholson &
Lilienthal,1959; Bruijn,1966b,1970); it was named ‘sarkaran' by Bruijn (1970).

The results of the changes undergone by sucrose in stored, cut cane are
manifested by the following symptoms :- a reduction in true sucrose, pol and
purity of both cane and expressed juice; an increase in reducing sugars; an
increase in soluble polysaccharides ('gums'), especially dextran; an increase
in acidity, and reduction in pH of the juice.

The second factor which reduces the yield is a loss in weight of the
cane due to evaporation of moisture. The effects of this meisture loss are
reflected in increased Brix of expressed juice and increased fibre % cane.
The latter causes a reduction in the percentage extraction of juice in the
mill, because the proportion of juice bound by the fibre is increased.

No previous studies on the microbiology of stored,; harvested, whole-
stalk cane appear to have been published. Therefore it is not possible to
deduce the significance of microorganisms in the production of symptoms
described above. However, the widespread and well-documented occurrence of
harmful microbial activity in mill juice, which is principally ascribed to

Leuconostoc mesenteroides, combined with the frequent incidence of sour cane

and its harmful effects on the manufacturing process, suggest that under
certain conditions microorganisms cause biodeterioration ofharvested cane.
This evidence is fully discussed in subsequent chapters.

2. Factors which influence the rate of deterioration

Quantitative comparisons are made difficult because of the wide

differences that exist in varieties of cane, climatic conditions and harvest

practice between the various cane-growing areas. Although much of the
published work is empirical in nature, some factors which influence the rate

of post~harvest deterioration of cane have been investigated :-
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a) Variety of cane

Research in many countries has clearly shown that

there is a marked varietal difference in susceptibility to deterioration
after harvest. The earliest reports were those of Hall (1914) in Louisiana
and Cross & Belile (1915) in Argentina. A wealth of confirmatory evidence
was subsequently published by Lauritzen and his co-workers in Louisians
(Lauritzen & Balch, 1934,1935,1948; Lauritzen, Balch & Fort, 1939; Lauritzen,
Balch, Davidson & Arceneaux, 1949). These results may be due to differences
in susceptibility of varieties to moisture loss (Haldane, 1933) which in
turn may depend on the thickness of the waxy layer on the stalk (Lauritzeny
1942) . Where cane is harvested in cold weather, e.g. Louisiana, the result
may be explained by differences in varietal resistance to freezing
(Lauritzen et al, 1949). Another contributory factor may be the variation
in amount and distribuéion of cane invertases in the stalks (Rizk & Normand,
1969b)° In the Caribbean ares, varietal differences in post-harvest
deterioration have been reported in Puerto Rico (Boneta-Garcia & Lugo-Lopez,
1962; Samuels & Cayere, 1967); Cuba (Rodriguez, 1968);: and Trinidad (Anon,
1956)., In the latter publication variety B4362 showed the greatest rate of
deterioration amongst six varieties tested; this variety is at present pre-
dominant in Jamaica. Similar work has recently been published in India
(Gupta, Juneja, & Narain, 19,67;‘ Gupta, Juneja & Shuckla, 1968) and Mexico
(Perdome & Ramos, 1969).

b) Climatic conditions It is hard to assess the effect of climatic con-

ditions on rate of deterioration of cut cane, partly because of the difficulty
in controlling temperature, rainfall and humidity in large-scale experiments,
and partly due to the complexity of interaction between these parameters.
However, it is likely that climatic factors are the most important of all

parameters which influence deterioration rate.
Several early studies showed that cut canestored in the shade

deteriorated more slowly than cane stored in the sun (Cross & Belile, 1915;

Barnes, 1916; Lee, 192%; Sanyal, 1925; Rosenfeld, 1935; Boneta-Garcia & Lugo-
9 $

Lopez 1962) This was ascribed to a direct effect of temperature on
$ °




invertase activity,

but it now seems more probable that the indirect effect

of temperature on moisture content is more important. Cross & Belile (1914)
and Cross & Harris (1916) in the Argentine, and Lauritzen & Balch (1934,1935)
in Louisiana, demonstrated that piles of cut cane deteriorated more slowly
when kept moist by regular sprinkling with water than if not so treated.
Further work by Lauritzen & Balch (1948) showed that the rate of deterioration
of cane stored under controlled environmental conditions was almost indepen-
dent of temperature provided that the relative humidity (R.H.) was high; at
constant temperature the rate of loss of moisture and rate of inversion were
inversely proportimnal to the R.H. The beneficial effect of high moisture
retention was thought to be due to the maintenance of turgor in the cane cells.

Lauritzen & Balch (1935) also reported that cane deteriorates more slowly
in large piles than in small piles, due to the lower temperature and higher
R.H. that exist in the centre of a large pile. In Hawaii, however, Wold
(1946) observed the opposite effects.

The effect of rainfall is controversial. Lauritzen & Balch (19%5) con-
cluded that wet weather tended to minimise inversion in stored whole-stalk
cane, presumably due to its beneficial effect on R.H. and moisture content.
More recent work in Australia showed that post-harvest deterioration was
greater in warm, wet weather than in dry weather, both for whole-stalks (Egan,
1964) and chopped-up cane (Keniry, Lee & Davis, 1967b). Here, however, this
effect was associated with increased rate of infection of the cane with

Leuconostoc mesentercides. In Caribbean conditions it is widely held that

the incidence of sour cane increases in the rainy season. In Puerto Rico,
Samuels & Cayere (1967) reported that harvested whole-stalk cane deteriorated
more rapidly in wet weather than in dry cogditions. It seems probable that
in the presence of L.mesenteroides, rainfall may be an important vector of
infection of cut cane by this organism.

A special climatic factor is important in those areas which lie at the

extreme northern and southern limits of sugar cane cultivation. Here the

a1 paasoine point during the harvest season,




invertase activity, but it now seems more probable that the indirect effect

of temperature on moisture content is more important. Cross & Belile (19?4)
and Cross & Harris (1916) in the Argentine, and Lauritzen & Balch (1934,1935)
in Louisiana, demonstrated that piles of cut cane deteriorated more slowly
when kept moist by regular sprinkling with water than if not so treated.
Further work by Lauritzen & Balch (1948) showed that the rate of deterioration
of cane stored under controlled environmental conditions was almost indepen-
dent of temperature provided that the relative humidity (R,H,) was high; at
constant temperature the rate of loss of moisture and rate of inversion were
inversely proportimnal to the R.H. The beneficial effect of high moisture
retention was thought to be due to the maintenance of turgor in the cane cells.

Lauritzen & Balch (1935) also reported that cane deteriorates more alowly
in large piles than in small piles, due to the lower temperature and higher
R.H. that exist in the centre of a large pile. In Hawaii, however, Wold
(1946) observed the opposite effects.

The effect of rainfall is controversial. Lauritzen & Balch (1935) con-
cluded that wet weather tended to minimise inversion in stored whole-stalk
cane, presumably due to its beneficial effect on R.H. and moisture content.
More recent work in Australia showed that post-harvest deterioration was
greater in warm, wet weather than in dry weather, both for whole-stalks (Bgan,
1964) and chopped-up cane (Keniry, Lee & Davis, 1967b). Here, however, this
effect was associated with increased rate of infection of the cane with

Leuconostoc mesenteroides. In Caribbean conditions it is widely held that

the incidence of sour cane increases in the rainy season. ;n Puerto Rico,
Samuels & Cayere (1967) reported that harvested whole-stalk cane deteriorated
more rapidly in wet weather than in dry cogﬁitions. It seems probable that
in the presence of L.mesenteroides, rainfall may be an important vector of
infection of cut cane by this organism.

A special climatic factor is important in those areas which lie at the

extreme northera and southern limits of sugar cane cultivation. Here the
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resulting in frost—damage to the cane.

This damaged cane exhibits severe
symptoms of deterioration, which appear to be enhanced by infection with

L.mesenteroides; the Organism enters the stalk through splits in the rind

(McCalip & Hall, 1938). Research on this phenomenon in Louisians was reviewed

by Owen (1949) and in Argenting by Cross (1966). Fortunately, in the
Caribbean area the ambient temperature always remains above freezing point,

so that this phenomenon is not relevant,

c) Pre-harvest burnine It ig generally acknowledged that burnt cane

deteriorates more rapidly than green cane after harvest (Stephenson & Doolan,
1947; Owen, 1949; Balch, Broeg & Lauritzen, 1950; Turner & Roja®, 1962; Foster,
1969a) ., However, in Jamagics there was found to be no difference (Anon? 1958),
whilst in Australia green cane deteriorated more rapidly than burnt (Waddellg
1952,1954). The reasons for these differences are not clear, but it seems
likely thet burning induces changes in the invertase systems of the cane plant
(Rizk & Normand, 1969a,b,c), Polysaccharide formation occurs more rapidly in
harvested burnt cane than in green cane, and the qualitative nature of the
polysaccharide may also differ (Leonard & Richards, 1969; Foster, 1969a).
Burning may also facilitate infection of the cane by microorganisms through
splits in the rind.

d) Method of harvest The introduction of mechanical harvesters which chop

the cane into short billets has greatly accentuated the problem of sour cane
T Queensland, and resulted in a wealth of publications (Vallance & Young, 1959;
Egan & Rehbein, 1963; Egan, 1964, 1965a,b,c, 1966, 1967a,b, 1968a,b; Keniry,
Lee & Davis, 1967a,b,; Kirby, 1968; Vickem, 1968; Foster, 1969a)., It Was
clearly shown that the rate of post-harvest deterioration of chopped cane
greatly exceeds that of whole-stalk cane. This is mainly due to inecreased
incidence of infection with L.mesenteroides, since chopped cane possesses many
more available peints of infection than = the equivalent length of whole stalk,
Significant deterioration of chopped cane can: be observed within 12 hours of
climatic

harvest in unfavourable/conditions, compared with more than 30 hours for whole
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resulting in frost-damage to the cane, This damaged cane exhibits severe

symptoms of deterioration, which appear to be enhanced by infection with

L.mesenteroides; the Organism enters the stglk through splits in the rind
(McCalip & Hall, 1938). Research on this phenomenon in Louisiana was reviewed
by Owen (1949) and in Argentins by Cross (1966). Fortunately, in the

Caribbean area the ambient temperature always remains above freezing point,

so that this phenomenon is not relevant,

c) Pre-harvest burnine It is generally acknowledged that burnt cane

deteriorates more rapidly than green cane after harvest (Stephenson & Doolan,
1947; Owen, 1949; Balch, Broeg & Lauritzen, 1950; Turner & Roja®, 1962; Foster,
1969a). However, in Jamaicy there was found to be no difference (Anon, 1958),
whilst in Australia green cane deteriorated more rapidly than burnt (Waddell,
1952,1954). The Teasons for these differences are not clear, but it seems
likely thet burning induces changes in the invertase systems of the cane plant
(Rizk & Normand, 1969a,b,c). Polysaccharide formation occurs more rapidly in
harvested burnt cane than in green cane, and the qualitative nature of the
polysaccharide may also differ (Leonard & Richards, 1969; Foster, 1969a).
Burning may also facilitate infection of the cane by microorganisms through
splits in the rind.

) Method of harvest The introduction of mechanical harvesters which chop

the cane into short billets has greatly accentuated the problem of sour cane

1 Queensland, and resulted in a wealth of publications (Vallance & Young, 1959;
Egan & Rehbein, 1963; Egan, 1964, 1965a,b,c, 1966, 1967a,b, 1968a,b; Keniry,
Lee & Davis, 1967a,b,; Kirby, 1968; Vickew, 1968; Foster, 1969a). It was
clearly shown that the rate of post-harvest deterioration of chopped cane
greatly exceeds that of whole-stalk cane., This is mainly due to increased
incidence of infection with L.mesenteroides, since chopped cane Possesses many
more available points of infection than = the equivalent length of whole étaik.
Significant deterioration of chopped cane can. be observed within 12 hours of

climatic
harvest in unfavourable/conditions, compared with more than 30 hours for whole
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resulting in frost-damage to the cane. This damaged cane exhibits severe

symptoms of deterioration, which appear to be enhanced by infection with

L.mesenteroides; the organism enters the stalk through splits in the rind
(McCalip & Hall, 1938) . Research on this phenomenon in Louisiana was reviewed
by Owen (1949) and in Argentina by Cross (1966). Fortunately, in the
Caribbean area the ambient temperature always remains above freezing point,

s0 that this phenomenon is not relevant,

¢) Pre-harvest burning It is generally acknowledged that burnt cane

deteriorates more rapidly than green cane after harvest (Stephenson & Doolan,
1947; Owen, 1949; Balch, Broeg & Lauritzen, 1950; Turner & Rojag, 1962; Foster,
1969a). However, in Jamaica there was found to be no difference (Anon, 1958),
whilst in Australia green cane deteriorated more rapidly than burnt (Waddells
1952,1954). The reasons for these differences are not clear, but it seems
likely thak burning induces changes in the invertase systems of the cane plant
(Rizk & Normand, 1969a,b,c). Polysaccharide formation occurs more rapidly in
harvested burnt cane than in green cane, and the gqualitative nature of the
polysaccharide may also differ (Leonard & Richards, 1969; Foster, 1969a) .
Burning may also facilitate infection of the cane by microorganisms through
splits in the rind.

d) Method of harvest The introduction of mechanical harvesters which chop

the cane into short billets has greatly accentuated the problem of sour cane
i Queensland, and resulted in a wealth of publications (Vallance & Young, 1959:
Egan & Rehbein, 1963; Egan, 1964, 1965a,b,c, 1966, 1967a,b, 1968a,b; Keniry,
Lee & Davis, 1967a,b,; Kirby, 1968; Vicker, 1968; Foster, 1969a). It was
clearly shown that the rate of post-harvest deterioration of chopped cane
greatly exceeds that of whole-stalk cane. This is mainly due to inecreased
incidence of infection with L.mesenteroides, since chopped cane possesses many
more available peints of infection than . the equivalent length of whole stalk.
Significant deterioration of chopped cane can. be observed within 12 hours of
climatic

harvest in unfavourable/conditicns, compared with more than 30 hours for whole

stadlics. The degree of mechanical damage to the cut ends of the billets was



found to influence the rate of deterioration of cane (Egan & Rehbein, 1963);

similar results with whole-stalks were reported in Hawaii (Wold, 1946).

e) Maturity of cane There is limited evidence which suggests that cane

which is either overmature or immature deteriorates more rapidly than mature
cane after harvest (Dymond, 19243 Lauritzen & Balch, 1935; Anon, 1967; Egan,
1969), although Turner & Rojas (1962) did not observe any significant

differences between cane aged 13 and 14% months at harvest.

) Miscellaneous When large areas of standing cane are accidently or
Waliciously burned, it is often impossible to harvest and mill all the cane
within the normal time period. A decision must then be made either to leave
the cane standing and harvest it gradually over a period of days or to cut all
the cane rapidly and mill it gradually. Limited experimental evidence suggests
that the latter practice results in more favourable recoveries of sugar than
the former (Calma, 1941; Stephenson & Doolan, 1947; Anon, 1967; Samuels &
Cayere, 1967). One report, however, revealed the opposite result (Young,1962).
Other factors which could influence the rate of deterioration of
harvested cane but which have not been investigated include soil type: ratoon
crop, and presence or absence of potentially deteriogenic microorganisms in

the cane area.

Be Plan of investigation

It was apparent from the literature that post-harvest deterioration is
greatly influenced by factors such as climate, variety and harvest practice,
which vary widely between different cane growing areas. Therefore the present
investigation was confined to one area, Jamaica, in order to limit the
variability of these factors.

During the first part of the investigation samples of cane and cane juice
were air-freighted from Jamaica to England under refrigeration. This cane was
stored in a controlled environment and the changes in its microbiological,
physical and chemical composition were determined at intervals. Altheugh the

experimental conditions could not simulate those existing in the field, it was

hemed +hat useful gualitative information could be obtained.



Fifty storage trials on harvested, burnt, whole-stalk cane were con-

ducted at Frome between March and July, 1969. The experimental conditions
closely simulated field practice, and climatic conditions‘were recorded.
The majority of experiments utilised variety B43%62, which constituted 73% of
the crop, but some trials with B51129 (12% of the crop) were included for
comparison. Measurements were made of the changes in physical, chemical and
microbiological properties of cane during storage periods up to 10 days;
special emphasis was placed on aspects which had not previously been studied,
such as dextran content and Leuconostoc count. The objectives were :=-
a) To estimate the rate of deterioration and loss of recoverable sugar.
b) To examine the significance of microorganisms in deterioration.
c) To select a suitable parameter for detection and measurement of
deterioration and/or processing quality.
d) To study the effeéts of climatic conditions, maturity and variety of
cane on deterioration.
In 1970 advantage was taken of the presence at Frome of a mechanical
chopper-~harvester to compare the deterioration rates of mechanically-

harvested, chopped-up cane and manually-cut, whole stalks.
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B. EXPERTMENT AL

1. Experiments on materisl air-freighted to U.K., 1966-68.

Details of ten batches of material air-freighted to the Research Centre

are summarised in Table III,{. The examination of these samples is reported

below -

a) Experiment 'a' Samples of mixed and crusher juice were taken by

Dr. M.P.Scarr from several factoriesin Jamaica and Trinidad in June, 1966,
chilled, and sent to the U.K. On receipt the juices were examined micro-
biologically by plating on Shapton medium (Oxoid CM269) containing 25%
sucrose, pH 5.8, and tomato juice agar (Oxoid CM114). Quantitative data was

not obtained, but the predominant organisms were Lactobacillus and Bacillus

species. Selected colonies were isolated, purified and identified by methods
described in Chapter II.

16 isolates were identified as follows :~ Lactobacillus plgntarum, 4

isolates; L.casei var. alactosus, 4 isolates; Lactobacillus new species,

(Group II), 2 isolates; Bacillus subtilis, 5 isolates; B.meggterium, 1 isolate.

Leuconostoc mesenteroides was not detected, but since there was a long delay

between sampling and examination of the juice it is possible that this

organism had died out.

b)  Experiment 'b' A sample of chilled, fresh, mixed juice from a factory

in Mauritius was examined within two days of despatch.

Viable plate counts of microorganismswere determined by methods des-
cribed in Chapter II for total spoilage organisms (STA); lactic acid bacteria
(Rogosa agar); Bacillus spp., and yeasts. The count of total spoilage
organisms and lactic acid bacteria was identical at 4.0 x 10’ /ml. The

lactic acid bacteria were predominantly dextran-formers; 22 colonies were

selected, purified and identified as Leuconostoc mesenteroides, 17 isolates;

Lactobacillus plantarum, 1 isolate; Lactobacillus new species (Group 1), 4

3 .
isolates. The count of Bacillus sp. spores was 2.0 x 107 /ml.; 11 colonies

purified and identified as Bacillus pumilus, 8 isolates;

were selected,

B e 4 tmlate Meveasst count was
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1. ZExperiments on material air-freighted to U.K., 1966-68.

Details of ten batches of material air-freighted to the Research Centre

are summarised in Table III,1. The examination of these samples is reported

below -

a) Experiment 'a' Samples of mixed and crusher Juice were taken by

Dr. M.P.Scarr from several factoriesin Jamaica and Trinidad in June, 1966,
chilled, and sent to the U.K. On receipt the juices were examined micro-
biologically by plating on Shapton medium (Oxoid CM269) containing 25%
sucrose, pH 5.8, and tomato juice agar (Oxoid CM114). Quantitative data was

not obtained, but the predominant organisms were Lactobacillus and Bacillus

species. Selected colonies were isolated, purified and identified by methods

s

described in Chapter II.

16 isolates were identified as follows :~ Lactobacillus plantarum, 4

isolates; L.casei var. alactosus, 4 isolates; Lactobacillus new species,

(Group II), 2 isclates: Bacillus subtilis, 5 isolates; B.megaterium, 1 isolate.

Leuconostoc mesenteroides was not detected, but since there was a long delay

between sampling and examination of the juice it is possible that this
organism had died out.

b)  Experiment 'b' A sample of chilled, fresh, mixed juice from a factory

in Mauritius was examined within two days of despatch.

Viable plate counts of microorganisms were determined by methods des-
cribed in Chapter II for total spoilage organisms (STA); lactic acid bacteria
(Rogosa agar); Bacillus spp., and yeasts. The count of total spoilage
organisms and lactic acid bacteria was identical at 4.0 x 107 /ml, The
lactic acid bacteria were predominantly dextran~-formers; 22 colonies were

selected, purified and identified as Leuconostoc mesenteroides, 17 isolates;
» 4

Lactobacillus plantarum, 1 isolate; Lactobacillus new species (Group II), 4

3 N
isolates. The count of Bacillus sp. spores wWas 2.0 x 10° /ml.; 11 colonies

were selected, purified and identified as Bacillus pumilus, 8 isolates;
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B. EXPERIMENT AL

1.  Bxperiments on material air-freighted to U.K., 1966-68.

Details of ten batches of material air-freighted to the Research Centre

are summarised in Table III,1. The examination of these samples is reported

below :=

a) Bxperiment 'a' Samples of mixed and crusher juice were taken by

Dr. M.P.Scarr from several factoriesin Jamaica and Trinidad in June, 1966,
chilled, and sent to the U.K. On receipt the juices were examined micro-
biologically by plating on Shapton medium (0xoid CM269) containing 25%
sucrose, pH 5.8, and tomato julce agar (0xoid CM114). Quantitative data was

not obtained, but the predominant organisms were Lactobacillus and Bacillus

species. Selected colonies were isolated, purified and identified by methods

&

described in Chapter II.

16 isolates were identified as follows :=— Lactobacillus plantarum, 4

isolates; L.casei var. alactosus, 4 isolates; Lactobacillus new species,

(Group II), 2 isolates; Bacillus subtilis, 5 isolates; B.megaterium, 1 isolate.

Leuconostoc mesentercides was not detected, but since there was a long delay

between sampling and examination of the juice it is possible that this
organism had died out.

b) Bxperiment ‘b A sample of chilled, fresh, mixed juice from a factory

in Mauritius was examined within two days of despatch.

Viable plate counts of microorganismswere determined by methods des~
cribed in Chapter II for total spoilage organisms (STA); lactic acid bacteria
(Rogosa agar); Bacillus SpDe.» and yeasts. The count of total spoilage
organisms and lactic acid bacteria was identical at 4.0 x 107 /ml. The
lactic acid bacteria were predominantly dextran-formers; 22 colonies were

selected, purified and identified as Leuconostoc mesenteroides, 17 isolates;

Lactobacillus plantarum, 1 isolate; Lactobacillus new species (Group II), 4

3 .
isolates. The count of Bacillus sp. spores was 2.0 ¥ 10° /ml.; 11 colonies

ed as Bacillus pumilus, 8 isolates;

were selected, purified and identifi

e tam. 1 isolate. The yeast count was
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Experi- Source of Date Date Transit Details of material
ment material des- re-  time in
Code No. patched ceived days
a Various June June not Cane juice from mills, sam-
T &L 1966 1966  known  pled by Dr.M.P.Scarr.
Estates Deep-frozen on receipt
in Jan-
aica and
Trinidad
b Mauritius 29.8.66. 30.8.66 1 500ml, mixed juice from mill,
sampled on 29.8.66. and
chilled in transit.
c Frome Nov. 16.11.66 not Daily samples of crusher &
Estate, 1966 known mixed juice taken by Dr.M.P.
Jamaica Scarr between 2%3.6. & 8.7.66..
Deep~frozen until despatch in
November.
d Frome 23.3.67. 28.3.67. 5 Crusher juice extracted from
Estate, green & burnt cane after
Jamaica storage for 1,3 & 7 days.
Chilled before & during
transit. Green & burnt cane
stalks harvested 2%.%.67.
and chilled.
e Fronme 18.4.67. 19.4.67. 1 Crusher juice extracted from
Estate, green & burnt cane after
Jamaica storage for 1,3,7 & 15 days.
Chilled before & during
transit. Green & burnt cane
stalks harvested 18.4.67.
and chilled.
T Tower Hill 23.5,67. 27.5.67. 4 Crusher juice extracted from
Estate, burnt cane after storage for
British 1,3 & 7 days. Chilled before
Honduras & during transit.
g Mauritius 2%,10.67. 24.10.67. 1 Crusher juice from mill, sam-
pled 23.10.67. & chilled.
h Frome 10.5.68. 15.5.68. 5 Burnt cane stal?s harvested
Estate, 10.5.68. and chilled.
Jamaica
5 Frome Est. 7.7.68. 11.7.68. 4, Burnt cane sta}ks, harvested
Jamaica 7.7.68. and chilled.
j Frome Est. 2.7.68. 17.7.68. 15 Burnt cane stalks, harvested
. 2.7.68, and chilled.
Jamaica

Table I1T,1.

Samples of cane juice and cane stalks air-freighted to

the Research Centre, 1966-68.
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1.0 x 10”ml; it was noted that some pellicle-forming yeasts were present.

The result of a physical and chemical examination of the juice, by methods
given in Chapter II, was :—- refractive brix, 15300; pH 5.25; sucrose, 10.74%
w/w; reducing sugars, 0.89% w/v; gum (Natal method) , 0.85% w/v.

1t was concluded that the juice was beginning to deteriorate, since its

Leuconostoc content and gum content were high.

c) Bxperiment ‘cf Daily samples of crusher and mixed juice were taken by
Dr. M.P.Scarr at Frome Estate, Jamaica, in June/July 1966 and deep-frozen.
They were sent to the U.K. in November and were received in a thawed state on
16th November 1966. Since the juices had deteriorated in transit, only
limited tests were carried out. Microbiological examination revealed that the
total spoilage organism count was 1.0 x 104 to 1.8 x 1O5 mls the Bacillus
spore count was 3.7 X 104 ml. and the yeast count was 3.0 x 1O4ml. in pooled
samples, Few dextran-forming colonies were observed on STA medium. The brix
and pH of pooled samples were 16.80 and 4.85 respectively.

It was concluded that freezing of the juice had killed most of the non~
‘sporulating bacteria, whilst Bacillus spores and yeasts had survived and
caused deterioration of the juice in transit. Therefore freezing was not

recommended as a method of preservation for subsequent samples.

d) Experiment tqt At Frome Estate, samples of green and burnt mature cane

(variety B4362) were cut from adjacent fields on 1%3th March 1967. Each sample
was mixed and stored in a pile in the open in the factory yard. Sub-samples
were crushed in a small F.roller mill after storage periods of 1,3 and 7 days.
The extracted juice was analysed at the factory for brix, pol, purity and
reducing sugarse. Each juice sample was placed in a sterile container and
refrigerated at 400 until air-freighted to the U.K. on 23rd March 1967.

On the 23rd March, similar stalks of green and burnt cane were harvested,

chopped into 18" billets, wrapped in polythene bags, packed in ice, and air-

freighted to the U.K.

The juice and cane samples were received at the Research Centre on 28th

March, after a 5-day delay in transit. The juice samples were examined
? N
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The cane stalks were incubated at 28~3OOC in polythene bags, and

immediately.

five billets each of green and burnt cane were removed after storage periods
of 1,3,7 and 15 days. The surface of the billets was ‘sterilised' by swabbing
and flaming with methylated spirit, and each batch was crushed aseptically in
a flame-sterilised, 2-roller, hand mill. The juice was collected aseptically
and analysed immediately.

A1l juices were examined by microbiological, physical and chemical methods
described in Chapter II. MNicrobiological results are summarised in Tablelll,2,
and physical/chemical analyses are summarised in Table III,3.

The juice samples obtained from cane stored at Frome were visibly fer-
menting on receipt and had obviously deteriorated during storage and the 5-day
transit period. This eliminated all differences between treatments and
reduced the value of quantitative analyses. However, it was apparent that the
high total spoilage organism count consisted mainly of lactic acid bacteria,
although yeasts constituted between 1/10th and 1/100th of the total flora.
Other groups of micro-organism were not significant. Several isolates of

lactic acid bacteria were identified as Leuconostoc mesenteroides, 4 isolates,

and Lactobacillus plantarum, 3 isolates.

The microbiological results for cane stored in the U.K. indicated that it
had already deteriorated in transit prior to the initiation of the storage
experiment; hence the real post-harvest storage periods were 6,8 and 12 days.
There were no significant differences between green and burnt cane. The
reduction in count of total spoilage organisms and lactic acid bacteria during
storage suggests that they may have attained maximum counts in transit. 6
{solates of lactic acid bacteria (LB) were identified as Leuconostoc

mesenteroides. Yeasts and catalase positive, Gram-negative, aciduric rods

(AAB) constituted a significantly high proportion of the flora, whereas other

groups contributed only a small proportion.

A comparison of the U.K. results with those obtained at Frome, for cane

stored at Frome, confirmed that the juices had deteriorated in transit. This

was revealed by the low pH, higher reducing sugar content, and high gum content



oocﬁﬁ\BH. of Juice

Juice Storage Total Lactic Aciduric, Meso~ Osmo=- Moulds Bacillus Coliform
Sample Time Spoilage Acid Gram-nega  philic  philic spores Bacteria
Source A@m%mv Organisms Bacteria tive Rods Yeasts Yeasts
Green 1 1e ouﬁ_o,N Te oonq 1. &Ngou uvaAOm UVAom 1. ANAO& 1. qxéow NT
mewmw 3 m.@NQOm Anéow 3.5 NAOm @.mNAOm m.onOm 2.7 MAO# 1.3 Néow 1.7 NAON
in U.X. 7 1.4x10® 2107 —10° 2.3210° 1.6x10%  1.1x10°  1.5x10° 2.9%10°
Burnt : 1.6x107  1.0x10" 5.8010°  7.5x10° 2.0x10°  3.2x10%  5.1x10° NT
sralis 3 7.1210°  8.3x10° 102107 2.0x10° 1.0x10° £ 10°  2.0%10° 2z 10
in U.K. 7 Cox10® 2.3x10%  8.5:10°  4.8%10° 3.1x10°  2.0x10°  1.5x10° < 10
T 2
Juice from 1 m.wxéow w,qxaom #.mxéow Q.JNQO\ d.oxdoq £ Aog 4,4x10 m.oxaow
green 3 §.4x10°  1.6x10° 5.6x10°  8.5%x10° 3.6x10° < 10! 4.1x10° 6.7x10°
stalks 8 8 4 6 6 1 2 4
stored at 7 5.5x10 5.1x10 1,0x10 1.2x10 1.5x%10 < 10 5.7x10 1.4x10
Prome
Juice from 1 A.QMaom m.ouio,N m.mxgom m.@NAOm w.wNAOm m,oxéog @.ONQOQ p.oxﬂow
burnt 3 6.5x10°  3.8x10° s.ox10%  6.4x10° 1.1x10°  s.0xt0'  3.3x10° 1.6x10%
stalks 8 8 3 7 6 5 3 3
stored at 7 1.4x10 1.3x10 2.0x10 1.2x10 8.2x10 1.1x10 3,0x10 2.0x10

Frome

Table II1,2. Microbiological examination of cane juices, Experiment 'd!.,

NT = Not Tested

B




Juice  Storage pH ®Brix °Pol  Purity R.S.% w/v % Gun w/v U.K.* Viscosity

Sample Time Ad.w.w
Source Aum%mv (U.X.) U.K. Frome Frone Frome U.X. Frome (1) (ii) cp 23.5°C
Green 1 5.25 19.2 - - - 1.46 - 0.34 0.24 1.89
stalks
stored 3 4.53 22.1 - - - 10.35 - 0.25  0.09 2.01
M.HH .Q.c.mﬁu 1\ h.e._m mmom had - b Amoﬁo bl OoN@ Oc‘mm m.gg
stalks :
stored 5 4.70 23.9 - - - 4.60 - 0.28  0.17 2.25
in U.X. 7 4,20 26.8 - - - 12.70 - 0.67 0.48 2.89
<2
= Green 1 %3.50 19.2 20,1 18.3%6 91.34 3.4 0.88 1.00 1.04 3.59
stalks
stored 5 3.30 20.5  21.6 18.71  86.62 5.2 1.90 1.6 1.86 5.91
at Frome T 3,50 22.0 22.4 16.00 T1.43 3.7 3,25 0.48 0.41 2.45
Burnt 1 3.40 19.6 20.6 19.07 92.57 3.6 0.41 2.59 3.05 13.52
MMMWMM 3 3.55 20.2  21.2 19.05  89.86 2.3 0.50 0.39  0.45 .48
at Frome T 3.40 19.5 21.8 18.60 85.32 2.3 1.17 0.75 0.49 3,00
Table III,3. Physical and chemical examination of cane juices, Hxperiment 'd'.
* (i) Bruijn (1966)

(ii) Roberts & Friloux (1965)
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and viscosity of the U.K. analyses. However, the Frome results indicate that
the green cane deteriorated more rapidly than burnt cane during storage, in
terms of its pol, purity and R.S. content. Significant deterioration was
observed within three days of harvest. Similar results were obtained with
cane stored in the U.K., for pH and R.S., but the gum content and viscosity of
burnt cane exceeded that of green cane.

e) Experiment 'e' The samples were similar to those of Experiment 'd'.

They were despatched on 18th April 1967 and received two days later; the cane
was falrly fresh and the ice-packing was still semi-solid, but the juice
samples were visibly fermenting.

The stalks were analysed after storage periods of 1,%,8 and 15 days.
Microbiological results are shown in Table III1,4, and Fig.III,1; physical and
chemical analyses are summarised in Table III,5, and Fig.III,2.

The microbial flora of juice from cane stored at Frome was similar to that
of the equivalent samples in Experiment 'd'. 13 isolates of predominant LAB

were identified as Leuconostoc mesenteroides, 7 isolates; L.paramesenteroides,

4 isolate: L.dextranicum, 1 isolate; Lactobacillus confusus (new species),

% isolatess Lact.plantarum, 1 isolate.

The cane stored in the U.K. was two days 0ld post-harvest at the beginning
of the experiment; therefore the real storage periods were 3,5,11 and 17 dayse.
This was revealed in the relatively high initial counts of spoilage organisms
(106 - 107 per ml.). Burnt cane showed a higher count of spoilage organisms
and LAB than green cane up to 8 days storage time, after which die~off occurred
in burnt cane only. The predominant organisms were again LAB; 12 isolates

were identified as follows :i- Leuconostoc mesenteroides, 3 isolates; Lacto-

pacillus confusus (new species), 1 isolate; Lact.plantarum, 2 isolates;

i var. casei, 3 isolates; Lact.casei var. alactosus, 3 isolates. The

Lact.case

1gctobacilli appeared to be more numerous than the leuconostocs as storage

time increased. AAB were the next most numerous organisms, but attained only

1/10th of the LAB count. Yeast counts were high but increased only slowly

i atorage: Other organisms were 1n31gn1flcant.



oocbd\aw. of Juice

Juice Storage Total Lactic Aciduric Meso~ Osmo- Moulds Bacillus Coliform
Sample Time Spoilage Acid Gram-nega philic philic spores Bacteria
Source (days) Organisms Bacteria tive Rods Yeasts Yeasts
6
Green 1 %.,2%x10 @.OMAOm m.#NAOm Q.uNQOm A.ONAOm u.oxaowm m.mxaomm d.oxéod
. stalk 6
o ed 3 1 Bxt05 B.0x10® 46w 5.0x10°  1.9xio” KO 19O NT
in U.K, 8 u.mulm%N #emNﬂOd m.OMAOm A.NNAOm m.oNaOm NT QQONAOQ A“dod
15 m.AHdom mqowéom A.wxéoq m.muﬁom 4.®x60m m.ONdow w,mNAou Z. Qod
Burnt 1 A.#NJOQ w.AxAOQ A.ONJOm A.ONdOm %.ON»Om Aeoxaou m.wxaom < aod
talk
S 3 152107 1.3%107  5.0x10° ».8x10®  5.0x10°  1.0x10°  1.0x10’ NT
in UK. 8 580107 6.6x107  6.0x10° 2.1x10°  5.0x10° NI 5.0610" & 10’
o2 15 ms.mum‘.o.N w.quﬁo~N A.ONAOm QBOMJOm meONAOm m.oxéou ».ONQOa r’d aod
wTH
Juice from 1 572108 6.3x10°  7.0x10% om0 1.1x10°  1.2x10°  2.5x10°  2.0x10]
mmwwmw 3 NT 8.0x10%  9.4x10" 8.0x10°  7.0x10°  4.0x10° 1.1%10° < 10
stored at 7 u.wwdom w.wméom A.NNAOm m.mNQOm A.ONAOm u.oxaom m.qwdom m.ouﬂoA
Frome
Juice from 1 m.mxéom w.mxéom m.@NQO% @.OMAOm m.oxﬁom A.ONAOA m.axaow Aﬁo6
burnt 8 8 5 6 5 2 6 3 oﬂ
stalks 3 6,0x10 m.wxgom 2.2x10 A.ONQOm 4.0x10 4,0x10 2.6x10 3.0x1
stored at T m,mwgom 1.9x10 m.ONAO# 1.5%x10 w.ONQOm m.oxaow m.owaow m.oﬁoA
Frome
Table I11.4, Microbiological examination of cane juices, BExperiment ‘e',

NT = Not Tested
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Fig.III,1. The effect of storage time on the microbial flora of

juice from harvested cane, Experiment 'e'.

g

Total spoilage organisms

% % Lactic acid bacteria
Qwm = = — =0. (atalase positive, Gram-negative, aciduric rods

M= = —X Mesophilic yeasts



Juice Storage O, . o . o ocs& £\< <Mmoomwﬁq
| Sample Time pH Brix Pol Purity _ R.S.% 2\4 (U.K.)* - ep Qé.mon

Source A@m%mv U.K. Frome U.X. Frome U.X. Frone U.XK. Fronme U.K. PFrome AwV AHHV Ad.m.v

Q.H..mmb A h.n@o bl chm haed NO-AW e mh‘omQ b M.Ao el OQU.N o.om WQNW
stalks
stored 5 4.50 - 23.6 - 19,01 - 80.56 - 2.56 - 0.35 0.07 3,20
in U.X. 8 3,92 - 25.0 - 18,83 - 75.%4 - 4,36 - 0.3%3 0.15 3.30
15 3,40 - 22.0 - 10.23 - 46,49 - 8.90 - 0.55 0.43% 3,1%
Burnt 1 4.85 - 23.5 - 21.04 - 89,52 - 0.75 - 0.42 0.06 3,21
stalks
stored 5 4.25 - 23.8 - 20.18 - 84.78 - 1.52 - 0.31 0.08 3,25
in U.K. 8 3,72 - 24.1 - 15.11 - 62,70 - 5.60 - 0.49 0.15 3.16
ﬂmﬁ Am Woéo bl NN.M - We#o - ._W«W._ - k_N¢®O bl O-@W Oomb. Wowo
e Green 1 % .40 5.40 23.4 23,2 - 21.69 - 93,49 6.30 0.68 2.88 3.125 T.44
wawmw 3 3,40  5.40 23.4  23.0 - 21.40 - 93.04  5.80 0.64 3.16 3.00  8.39
at Frome 7 3,25 5.20 23.0 23.0 - 19.14 - 83,22 5.50 2.08 1.62 1.68 6.11
Burat 1 3,35 5.40 22.6 22,5 - 20.88 - 92,80 3,80 0.64 2.46 2.80 24.95
MMMWMM 3 3,44  5.40 22.8  22.6 - 20,97 - 92.79  4.10 0.70 2.92 3.13  27.20
at Frome 7 3,30 5,00 20.0 20.5 - 17.99 - 87.76 3,10  0.91 1.62 1.65 15.45
Table ITI,5. Panysical and chemical examination of cane juices, Experiment tel,

(i) Bruijn (1966)
(ii) Roberts & Friloux (1965)
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Physical/chemical analyses of juice from cane stored at Frome were
similar to the equivalent samples in Experiment 'd', and again indicated
severe deterioration in storage and transit. The results obtained at Frome
again showed that the green cane had deteriorated more rapidly than burnt
cane (Fig.III.Z). However, the cane stored in the U.K. revealed the opposite
effect. The gum content increased only slightly during storage, and did not
cause any significant increase in viscosity; this may be explained by the
predominance of lactobacilli over dextran—forming leuconostocs. The much
greater rate of deterioration observed with cane stored in the U.XK. with that
stored at Frome may have been due to the use of short billets in the former
case; however, it was impossible to air-freight whole stalks under refrigerati

f) Experiment "£1, Samples of crusher juice were taken from burnt cane

stored for 1,3 and 7 days at Tower Hill factory, B.Honduras. The juices were

refrigerated until despatch on 22nd May 1967, but they were not received in

the U.K. until 27th May. Two of the three thermos flasks were broken in

transit and all the samples were badly deteriorated and very viscous on receip
The following microbial counts were obtained :-

Count/ml. juice

total spoilage organisms - 8.7 x 108 - 2.5 x 1010 S
LAB - 8.0x10° - 35x10°;
Yeasts - 1.6 x 104 - 2.0x 1O5 s
All other microorganisms - Z 2 X 103

The predominant organisms were LAB, which showed very high counts. There
was no significant difference between samples. Four isolates of LAB taken
from 10~7 dilutions of Rogosa agar plates were identified as :- Leuconostoc

mesenteroides, 2 isolates; lLactobacillus confusus (new species), 1 isclate;

Lact.casei var. alactosus, 1 isolate.
Physical/chemical analyses of the samples are summarised in Table III,6.
The high gum content and viscosity and low pH were probably due to growth

of Leuconostoc mesenteroides.




[S0=
>3

No. of ®Brix % Pol Purity pH % R.S. % gum* Viscosity i
days cp at 25.0
storage U.X. BH (BH) (BH) (U.K.) (u.x.) (U.K.) (U.X.)
1% 18.8 18.6 16.02 86.04  4.05  6.72 3.96 -
3 18.8 19.8 16.62 83.94  3.80  1.56 0.35 2.24
7% 23.8 24.0 18.28 76.17  3.85 10.96 5.33 *hK

Table II1,6, thsical and chemical analyses of cane juices,

Bxperiment 'f'.

* Bruijn (1966)
*% DBroken thermos flasks -~ badly deteriorated samples

*%%  Viscosity too high for determination in Ostwald viscometer

g) Experiment 'g! A sample of crusher juice was taken from a factory in

Mauritius on 23rd October 1967, chilled, and despatched the same day. It was
received in the U.K. on 24th October, refrigerated, and analysed on 26th
October.

The following microbial counts were obtained :-

Count/ml. Huilce

Total spoilage organisms - 1.1 x 1010
LAB - 1.0 x 1010

Yeasts - 1.2 x 106

AAB - 2.3 x 10°

All other microorganisms - 2 104

LAB were again predominant and present in very high numbers; 7 isolates

were identified as :- Leuconostoc mesenteroides, 3 isolates; Lactobacillus

plantarum, 4 isolates.
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The physical/chemical analysis is given below :-

pH 3.85

Brix 13.90

Total sugars 13.44 % w/v

Gum 0.81 % w/v (Bruijn,1966)
Viscosity 2.46 cp at 25°C

Again the high gum content and viscosity and low pH were indicative of

microbial spoilage by LAB, especially Leuconostoc mesenteroides.

h & i) Experiments *h' gnd *i? Two batches of freshly harvested, burnt cane

stalks, (variety B4362), designated samples ‘h' gnd 'i', were received fronm
Frome by air freight on 15th May and 11th June, 1968, respectively. Each
batch consisted of 30 stalks, 15" in length; each stalk was double-wrapped
in polythene, and the container was kept chilled with bags of dry ice. The
time between harvesting and examination was 6 days, during which 5 and 4 days
respectively were occupied in transit, the balance in refrigeration. Both
samples were moderately fresh on arrival, and most individual stalks were
fairly dry, although the ice had melted.

Storage experiments on the cane were carried out by methods similar to
those previously described in Experiment 'd', with the following exceptions,
The stalks were stored in sealed glass tanks over constant R.H. solutiong at
240 to 2800. Sample 'h' was stored over saturated KC1 (gg 85% R.H.), whilst
sample 'i' was stored over saturated (NH4)2SO4 (Qé 80% R.H.). At each inter-
val, 3 (sample h') or 4 (sample 'i') stalks were removed for crushing, but
the juices were analysed separately instead of being pooled as in previous
experiments. In addition to previous analyses, the dextran content was
estimated by a method based on that of Keniry et al (1967a, 1967b). The
results are summarised in Tables II1,7 and III,8.

Analysis of the microbiological results reveals that the initial total

counts were already fairly high at 107 to 109 organisms per ml. These

increased rapidly on storage, reaching 1011 to 1012 per ml. in two days.

Actual counts were impossible to obtain beyond this stage, but they appeared

to be about 1019 after 5 to 7 days. The predominant organisms in slmost every
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case were LAB, although AAB were almost as numerous initially. The latter,
however, multiplied only slowly and within two days were insignificant com-
pared with the former. The yeast population also increased slowly but did not
attain numbers higher than 108/ml., even after 12 days. The LAB appeared to

be predominantly Leuconostoc mesenteroides, forming raised, clear, slimy

colonies on sucrose agar, although other types (probably belonging to the
genus Lactobacillus) also appeared. The principal AAB were probably Aero-

bacter aerogenes initially, but after storage, other types appeared, including

yellow, pigmented mucoid organisms.

The physical and chemical analyses showed very wide variations between
individual stalks on any one day, and since the number of replicates was nec-
essarily few, mean values are probably not truly representative. However,
some general trends are apparent. Deterioration during storage was shown by
reduction in pH and purity, and increases in reducing sugars (RGS.), gum,
dextran and viscosity. The rise in:R.S. content was steady in sample ‘'h',
but did not occur in sample 'i', nor did the mean purity decrease very much in
sample 'i', Gum and dextran contents, and viscosity appeared to reach maximum
values by day 2 and then decline. A possible explanation is that the enzyme

dextransucrase produced by Leuconostoc mesenteroides is inactivated at pH

values much below 4.8 (Jeanes, 1965), and also the molecular weight and
viscosity of dextran decreases. Sample 'i!' had not deteriorated as much as
sample 'h' after 7 days storage, and the bacterial counts were generally lower
this may be due to the lower relative humidity during storage. The results
reveal that significant sucrose loss can occur in stalks stored for two days
prior to milling (e.g. the purity drop was 3.3% in sample 'h' and 1.2% in
sample 'i'),

i) Experiment 'jf A batch of freshly harvested, burnt cane stalks was

despatched by air freight from Frome, Jamaica, on 2nd July 1968. The batch
was similar to previous samples 'h' and 'i!, except that a BOAC strike delayed
its arrival until 17th July and 15 days elapsed between harvesting and examina-

tion; the refrigeration history of the sample was unknown.
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The cane had deteriorated in transit so that storage experiments were
of limited value. The experiments were similar to those for samples *h' and
'i', except that six stalks were examined at intervals of O, 1 and 5 days,
and only the principal groups of microorganisms were counted. The cane was
stored over saturated KNOB’ providing 91% R.H. at 30°cC.

The results are summarised in Tgble 111,9.

Nearly all samples possessed an initial high count of IAB, and had
marked symptoms of deterioration (i.e. low PH, low purity, high R.5., gunm
and dextran content, and high viscosity). After one day's further storage
the counts of IAB dropped slightly, whilst those of the AAB and yeasts rose.
The AAB were mainly large, mucoid, yellow or cream colonies. There were some
'anomalous results; i.e. stalks 44, 46 and 48 were not badly deteriorated,
whereas stalks 45 and 47 were. At 5 days the LAB count had decreased further,
whilst yeasts and AAB had increased. The AAB were small, orange-brown
colonies., Juice analyses showed very low pH values (3.02 to 4.00), but
purities were inconsistent and the gum content was not excessive except in
stalks 53 and 54.

It is probable that most of the deterioration had occurred in transit.
In view of this, no attempts were made to correlate symptoms with storage
time, or physical and chemical analyses with microbiological observations.

21 isolates of LAB were identified as :- Leuconostoc mesenteroides, 13

isolates; L.dextranicum, 6 isolates; Lactobacillus confusus (new species), 2

isolates.

k) Relationship between cum content, dextran content and viscosity of cane

Juice One of the most harmful effects of sour cane is an increase in the
content of gums, especially dextran, in the extracted Juice; this increases
the viscosity of the Juice and leads to processing difficulties in the

factory (Chapter VII). Therefore it is desirable to be able to estimate the
effect of gums and dextran on the viscosity of cane Juice, Furthermore, these

three parameters warranted consideration for use as a method of assessment of

the degree of deterioration of cane (Chapter VIII).
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A study was made of the relationships between dextran content, gum con-
tent and viscosity, utilising the data obtained from juice analyses of 37
stalks of stored, harvested cane in Experiments 'h' and *i'. Statistical
analysis was used to calculate regression and correlation coefficients for
the data. Linear relationships were found between gum content and lOg10
specific viscosity (Fig,III,S), dextran content and log10 specific viscosity
(Fig.III,4), and gum content and dextran content (Fig.III,5). The correlation
coefficients are shown in Table I11,10.

In another experiment, the relationships between gum content, dextran
content and absolute viscosity were studied using pure cultures of known gum-
forming organisms isolated from sour cane. 43 isolates of Leuconostoc

mesenteroides and Lactobacillus species were inoculated into sterile synthetic

cane juice medium (SCJ). The cultures were incubated for 3-5 days at 300C and
then centrifuged to remove bacterial cells. The supernatants were analysed
for gum content, dextran content and viscosity by methods described in Chapter

II. The correlation coefficients are given in Table III,4Q.

Correlation coefficient,'r!

Parameters
cane stalks 1-37 SCJ medium
Cm cor . .
Green content and 1og1o specific viscosity* + 0.446 + 0.535
Dextran content & log10 specific viscosity + 0.416 + 0.658
Dextran content and gum content + 0.405 + 0.429

Table IIT,10, Comparison of the correlation coefficient between

gum content, dextran content and viscosity in natural

and synthetic cane juice.

There was a significant correlation between all three pairs of parameters,
but the correlation coefficient 'r' was low, and the standard error of the
means was high. This indicates that it is not possible to estimate aécurately
the viscosity of cane juice from either its gum or dextran content, and vice-
Versa. Similar arguments are applicable to the relationship between gum and

.dextran content. The low values of fr? may be explained by the wide
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variation reported in properties of dextrans formed by different strains of

Leuconostoc mesenteroides (Jeanes et al, 1954; Jeanes, 1965). Despite these

objections, all three parameters appeared to Justify further study for their
potential application in estimation of cane deterioration, in the apparent

absence of more suitable alternatives (Chapter VIII).

2. Storage experiments on burnt, manually-harvested, whole-stalk cane,

Frome, 1969,

The experiments reported in section 1., which utilised cane air-freighted
from Jamaica to the U.K., provided qualitative indications of the changes that
occur in harvested cane during storage. However, due to the imposition of
unavoidable constraints, these results were obtained under 'in vitro' con-
ditions which differed significantly from those existing in the field in
Jamaica. Therefore a series of replicated trials on harvested cane were
undertaken at Frome during the 1969 crop, in order to obtain statistically
reliable data on the microbiological, physical and chemical changes which
occur during storage under 'in vivo' conditions.

Several factors were standardised throughout the trials in order to
minimise sources of uncontrolled varistion. All experiments utilised manually-

harvested, whole-stalk, mature cane from fields which were reaped according to

the Estate's own programme for factory supply. All the cane was burnt one day
prior to harvest, since this is the normal practice in Jamaica. The fields
were selected at random from each of the Estate's ten farms throughout the
period studied, in order to obtain a representative cross-section of cane
grown under a range of conditions of soil type and climate.

57 replicated trials were initiated over the period March -ij&%y;;1969,
of which 45 trials were successfully completed. 39 experiments utilised
variety B4362, and 6 experiments utilised variety B51129, which constituted

73% and 12% of the harvested crop respectively. Three experiments were

initiated per week, commencing on a Monday, Tuesday and Wednesday respectively.

The trials were classified into 4 groups, A,B,C and D, based on climatic

data and degree of maturity in the period studied, (Table ITT,11).
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For various reasons the 1969 crop extended beyond its planned finishing date,

and extended into the rainy season. This resulted in progressive overmaturity
and decline in cane quality between April and July. Period A (April and

early May) had light to moderate rainfall and slightly lower temperatures

than the other periods; Period B (mid- to late~May) contained the high rain-
fall associated with the normal May/June rainy season; Period C (June) had
generally light rainfall and higher ambient temperatures, whilst period D
(July) had moderate rainfall, high ambient temperatures and overmature cane.

The experimeii/procedure used in each trizl is described below -

200 healthy stalks were cut from the chosen field between 8-9 am. 1In
order to obtain a representative sample, eight sampling locations were selected
these were distributed at equidistant intervals along the two opposite ends of
the field. 25 stalks were cut from each location, at a depth of 20-30 feet in
along the row. The cane was immediately transported to the factory where it
was mixed thoroughly and re-distributed into eight 25-stalk bundles. These
were tied, labelled, weighed to the nearest %lb,, and laid on level grassy
ground near the factory, without protection from the elements.

One bundle was crushed and analysed immediately (time lapse between
cutting and crushing was 1%-to 2 hours); the remainder were stored, and one
bundle was removed for crushing at daily intervals (i one hour) up to ten days
storage time, except for days 8 and 9. Bach bundle was re-weighed before
crushing. The cane was crushed in an electrically-driven, 3-roller, small mill
at constant pressure. In experiments 1-35 (Periods A & B) the cane was passed
through the mill until the weight of extracted juice was 50% i.1% of the weight
of cane at crushing: in subsequent experiments, (Periods C & D), the cane was
passed through the mill a standard three times, and the weight of extracted
Juice recorded; the latter procedure parallels more closely the actual conditior
existing in the factory. Between each sample the mill was ‘sterilised’ by
physical cleaning and treatment with chloride of lime solution, followed by a

rinse with boiler condensate water. Juice samples were collected in clean

containers and mixed thoroughly before sub-samples were taken for analysis.



Where possible, extracted Juices were analysed immediately; otherwise,
they were preserved by methods described in Chapter II. The following
physical, chemical and microbiological analyses were determined for each Juice

Brix, pol, pH and reducing sugars (R.S.) were determined by standard
methods described in Chapter II; the apparent refractive purity was calculated
True sucrose content could not be determined because of lack of facilities.
The dextran content and absolute viscosity of the samples was determined by
methods described in Chapter II; specific viscosity was calculated from the
absolute viscosity. Gum content was not determined, because dextran was
thought to be a more sensitive indicator of deterioration. Microbiological
examination was confined to total spoilage organisms, lactic acid bacteria,
and yeasts, by methods given in Chapter II. Selected microorganisms were
chosen for purification and subsequent identification. The choice of these
three groups of organism was based on earlier observations, reported in sectior
1o, that LAB and yeasts were the predominant microorganisms in Jjuice from
stored cane. However, the use of STA permitted growth of any microorganism,
including AAB, capable of growth in normal cane Jjuice.

An example of the complete data for one typical replicate experiment
(no.BO) is presented in Table III,12. This trial was conducted during the
high rainfall Period B, and heavy rainfall occurred on the day of harvest and
each subsequent day of the experiment. The cane shows clear evidence of bio~

deterioration, since it was heavily infected with Leuconostoc mesenteroides.

This organism multiplied rapidly, reaching a maximum count of 108 per ml. gfter
three days storage time; its growth was accompanied by rapid increases in
dextran content, viscosity, and R.S., and rapid decreases in pol, purity and
pH. Only slight weight loss occurred, due to the high rainfall and ambient
relative humidity.

In contrast, the results of another experiment (no0.50), are shown in
Table III,13. This trial was conducted in Period D (July), when the weather
was hot and mainly dry; no rainfall occurred on the day of harvest. The cane

had a low initial microbial count, which increased slowly at first but



Peise] 30N # IN

‘Y1§ fU003BYH

{syguow mmv 19uUBO IO 93V feex] aeed pTeTd

(Y ON) Lrngsmeayg wmaey iz9¢yg thietaep fwe § :pedeax emTy §69°G°02 :quang 89B(J {69°G*lz :padees a1®(Q”
*OC*0U QUPWTIOUXY 'OUBO POISOALBY U0 SDWL} 0064018 40 100115 o, TT1 ®1dBd,

VL YL 2l (SYeL(P) L ¢l YL 127 oL WNWTUTR
98 06 06 (6)o6(¥)L6 68 68 88 06 UMUTXE g dwey,
(oL)glez(6)ot"t gLt $9°0 (g)av- 1 8Ll 68°0 Zveo AN (seyout) TTBIUTBI ATTB(Q
(8)L9°0 Aﬁvmmeo 9581018 SUTIND SUOTITPUOD OTLARWLTD
ﬁonxm.w N IN IN ﬁoexr.m ﬁorMm.F +Notno.m morxm.m *TWE/3UN0D }SES]
wowxh.w horxm.m Po?m.w POPMmem moﬁxr.r hoFNo.w mowxm.m morxr.m ,Hs\ps500 d0isouoonan
jOLEv e ,0L%6°¢ ,or¥8tL 0lx6tL  0lxg'8 JOHELTE olxl v (O1¥6°6  “Tu/3unoo e3errods TB0[
9 STSATBUY [BOLIOTO0LqOI9 1R
8¢2°0 vLL°0 ¢oLeo AN 001 °0 700°0 $00°0 0 £yTs008Tp OTFTORdg
G601 006°0 0Ge* i t28°0 787°0 LL1V*O 200 670°0 xg 9, uBI}XL(
6°¢ A 9°v 9°v 8°¥ Ly 0°§ 0°6 gd
Leol Li®t TAN* Go° | 9260 £89°0 919°0 96¥%°0 _ /M o 25ty
byl L9l 9°08 ¢-a8 V16 7°16 9°¥6 ¢°26 £yTand <ddy
eyl °91l ¢°9l oLl GLl ¢l L°61 0°6l Tod 9
76l 9°lz z2eoze ¥°02 26l 0°02 AR 9°02 XTIq °Joy
STSATeuy ‘weu)/SAUd
0° 14 9° 6 8° LG 9°6¥ Le0g 96t 0°14 ¢ ig 8uBO 9 SOTNL
TAR% TART4 S e 0°2¢ TAL°1 G2 9¢ 0°9¢ 0°8% eoTnl °am
2° Ly 6°¢ 0°¢ L=t 0°¢ L°0 TTu SSOT °3# 9
Gz° L9 0° L G°99 S°v9 ¢zeel 0°¢lL G oL 0°¥L SuTpuUTIZ 1% ‘1M
6§°89 G L 6°89 699 ¢l Syl O°LL 0°vL *qT 34 TBUTFTIQ

0l L 9 q ¢ c l 0 I939WBIBg

sdeq ut ewr] 88ex03g




Peisad 30N = N ‘yy3/, tuoosey fsyjuow £g| :oued yo 85V fQL°ON ‘L ON e3ueay PTOTJL
f(2roN) weuyxeq cmxeg (29¢hg :LyoTaep fuooy ipedesx swT (°69°L°) juang e3BQ {°69°)°g :pedeax e3E(

*04°0U JUSWTJISAXY ‘OULD DPOISOAIBY UO OUWLY O0B4038 JO 306136 8UfL “CI TI1 et1qey,

¢L WL (9)L(G)zeL IN 2L 12 zL zL U TU T

16 6 (9)s6(4)e6 IN ¢6 <6 ¥6 16 wawixey g cdwey,
(ob)o(e)er o 02°0  (9)0(%)o 0 0 9L°0 LL*0 0 (seyout) TTBJUTBI LTTBQ
(8)sp* 1 3981038 BULIND SUOTHIPUOD DIFBWIT)
cOH¥e°6 OH¥8’e  01X0'8  01X6°L ,0Lx0"2 cOVX0°¢ ,01¥8°2 ,OL¥2"6 *TW/3unoo 3sBO}
moFMo.m movxmur woFNP.P movxm.m mopxw.m mowxm.m movxonb mo_xw._ .HE\ 4uUNod D058 0U0OND]
Q0T Y morxo.m @orxm.m g0t¥e L @o,om.m morxm.m @oﬁxm.v cOl¥g” L “Tu/3umoo e5eTTods TE1Of
STSATE TBOTSOTOLUOIOL

8£0°0 8¥0°0 AR R0 790°0 9¢0°0 650°0 ¥£0°0 2%0°0 £1T8008TA OTFTOBdg
02¢°0 LELe0 282°0 Lve°0 88L°0 962°0 v2ze0 8L0°0 XTI 95 UBIYXS(
G°¥ 7o 9°¥ 9°¥ 06 ¢y G v G*g Hd
062 °¢ ozl 020° | GL6°0 ozhel osleL 0L9°0 0£9°0 LYZN/S 1
¢°LL L°9L Lozl Le¢s L8 L*L8 0°28 L°68 £31and <ddy

8 ¢l o°vi veel Lyl ¢°ai Legi 9yl 2 Gl Tod 9
8° Ll vegl 7°8l 9Lt 9° Ll 2Ll g8° Ll 2Ll XTaq °Joy
STsATeuy U YAV SF|

G°¢h 6°ct 6°0F 8°0F 0°8Y AN G Ly Leov 3UBO ¢ SOTN[
0°2¢ 0°9¢% ¢ 0°2s G 6% G°9v G LS G 68 soTnl 3UITOM
8°¢l 9°0!L 7°6 7°G Loy 22 ¢o i TTu SSOT 3UITOM %
Go¢l 0°¥38 0°28 6°8L TARAS] G°06 0°6L G v8 JuUTpUTIZ 38 JUSTON
Gz2° 38 0°¥6 G*06 0°¢8 6L°S8 G 26 0°08 G*v8 ‘qT °34 TBUTLSTIQ

ol L 9 14 ¢ 2 L 0

IDQWEIBJ

sfeg UT dwWT] °3BIOLC




levelled out at a count of less than 107 per ml

« Juice. The predominant

organism was Leuconostoc mesenteroides, but yeasts constituted approximately

1/10th of the total spoilage flora; no significant counts of other organisms

were obtained. No significant increase occurred in dextran content and

viscosity, and the decreases in pol, purity and pH were significantly less

than in Experiment 30. The cane lost welght rapidly due to evaporation in the

hot, dry climatic conditionms.
It was concluded that the changes observed in Experiment 50 were mainly
caused by normal staling, whereas in Experiment 30 the cane became sour due to

infection by L.mesenteroides and exhibited more rapid deterioration. It is

likely that the infection of cane in Experiment 30 was facilitated by moist
climatic conditions, especially on the day of harvest, whereas in Experiment
50, dry conditions prevailed.

The overrall results are summarised graphically in Figs.II%ﬁ to I1I,17.
The effect of storage time on each parameter is presented in the form of six
graphs; graphs A, B, C and D represent the mean data for all experiments in the
corresponding seasonal period, variety B4362 only; graph E shows the mean
resultsfor all experiments with variety B4362, over the whole season; graph F
is the mean of all experiments with variety B51129. Each point represents the
mean of 10 replicate trials in Period A; 8 replicates in Period B; 10
replicates in Period C; 11 replicates in Period D; 39 replicates in 'E' and
6 replicates in 'F', At storage times of 4, 5 and 6 days, however, the points
are generally based on fewer replicates than those stated above, and are
therefore of less significance.

The data for weight loss, pol, purity and extraction were analysed

statistically in a computer. The regression equation, correlation coefficient,

significance and 95% confidence limits were calculated.

The data for each parameter are discussed in the following sections.
It should be noted that within each parameter the six graphs have a common

scale and intercept on the x and y axes.
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a UfL v .
) 222088 of original weight of cane The results are summarised in Fig.III,

6, and the statistical analysis is summarised in Table III,14.

Experi- Correlation Signifi- Mean Stand. Variance Signifi- Mean daily

gigzp Coeffi?ient ?i?ce of Value devia~ ratio cance of % loss of
- P of 'y' tion F Fop original

offy? weight

A .807 .001 T.45  4.49 113.6 .001 1.20

B 692 .001 4.03 2,38 42.18 .001 0.57

C .932 001 6.61 3.87 448 .4 .001 1.25

D <931 001 5.92 3.56 479.6 .001 1.14

& .841 001 6.00 3.58 271.0 .001 1.04

B - 720 .001 6.24  3.91 38.68 .001 0.95

Table I1T,14. Statistical analysis of the effect of time of

storage (X) on loss of weight of harvested cane (V).

In all cases there was a highly significant correlation between weight
loss and time of storage, but the standard deviation of the means was high;
this indicates a wide between-replicate variation. The overrall mean rate of
weight loss was similar for both varieties (E & F). Amongst variety B4362
the mean rate of weight loss was significantly lower in period B than in
periods A, C & D. This may be explained by the wet climatic conditions that
prevailed in period B, since the rate of loss of moisture from cane is
inversely proportional to the ambient relative humidity.

b) Refractive Brix The results are summarised in Fig. III,7.

During periods A and B the brix was not significantly affected by time of
storage, whereas in periods C and D the brix increased slightly in proportion
to storage time. These differences are probably explained by the difference
in crushing technique between these periods. Variety B51129 (F) showed a

greater rate of brix increase than variety B4362 (E).
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" 4 s .
c) % Extraction

The results are shown in Fig.III,8, and statistical

analyses are Sumnarised in Tgble 111,15,

Experi- Correlation Signifi- Mean Stand. Variance Signifi- HMean daily

ment Coefficient cance of Value Devig- ratio cance of ' loss din
Group ‘r! 'rt.p of*y' tion F - F - % extraction
ofty! R

A - .249 -05 50.28 2.11 4.613 .05 0.16

B ~9.61 N.S. 49.83 1.65 0.5504 N.S. 0.05

c - .529 -001 46.40 2.67 28,78 .001 0.44

D - .263 .02 44.66 2.79 6.171 .05 0.24

E * - 396 .001 45.53  2.73  17.46 .001 0.34

F - 095 N.S. 50.58 3,17 0.3829 N.S. 0.09

Table IIT,15. Statistical analysis of the effect of time of

storage (x) on % extraction of Jjuice from

harvested cane (V)e

*
ca}
=
0]

.#
D
i

mean of periods C & D only

N.S. = not significant (p =>0.1)

In periods A and B, when the cane was crushed to give a weight of juice

50%, + 1%, of the weight of cane at grinding, time of storage did not signifi-

cantly affect the extracted juice % cane, and the objective was attained.

However, in periods C and D, when cane was crushed by a standard three passes
through the mill, the extracted juice % cane was significantly reduced with an
increase in storage time. This is due to moisture loss by evaporation, which
increases the insoluble fibre % cane and hence the proportion of non-extractable

Juice bound by the fibre. This effect reduces the yield of tons sugar per ton

cane.
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) % Pol in Fuice The results are summarised in Fig,.II11,9, and statistical

analyses are summarised in Table III,16,

Experi~ Correlation Signifi- Mean Stand. Variance Signifi~ Mean daily

gigzb Coeffi?ient ?a?ce of Value D?viaw ratio cance of 1loss in %
T rt -p ofty! +tion F F -0y pol in juice
ofty!
A - 675 .001 18.30 1.40 59.53 .001 0.29
B =~ - T73 .001 17.03 1.53 87.82 .001 0.38
C - 732 001 15.77  1.35 89.99 .001 0.32
D - .680 .001 14.01 1.87 73.25 -001 0.40
B - 715 .001 16.28  1.54 77.65 .001 0.35
F - 284 .05 17.15  2.06 3.671 o1 0.18

Table IIT,16. Statistical analysis of the effect of time of

storage (x) on % pol in juice of harvested cane (v).

There was a highly significant negative correlation between storage time
and % pol in Jjuice in all experiments with variety B4362 (A,B,C,D,E), but this
relationship was only just significant for variety B51129 (F). The mean daily
loss of % pol in juice was significantly greater in period B than in the
periods before (A) and after (C). It is postulated that this was due to the

increased rate of infection and growth of L.mesenteroides in the cane during

this wet period. However, in July (period D) the rate of loss in pol reached
a maximum; this may be due to overmaturity of the cane and greater activity
of natural cane invertases. Variety B51129 (F) lost its pol at a rate only
half that of B4362 (E), which suggests that it is less susceptible to post-

harvést deterioration than the latter.
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e) Apparent purity The results are summarised in Fig . IT11,10, and

statistical analyses are summarised in Table I1I,17.

Experi- Correlation Signifi- Mean  Stand. Variance Signifi- Mean daily

ment Coefficient cance of Value Devia~ ratio  cance of loss in
Group 'rt 'riop of'y* tion F F-op apparent
of ty? purity

A - 665 .001 84.51 5.97 56.44 »001 1.22

B - 845 001 83.61  6.64 144.4 .001 1.78

c -~ .869 .001 82.50 7.65 239.9 .001 2.12

D - .846 .001 80.06  9.61 51308 .001 2.58

E - 806 001 82.67  T7.47 163.6 -001 1.93

F - .793 .001 84.45 6,24 69.45 .001 1.53

Table ITIT,17. Statistical analvsis of the effect of storage time

ﬁz} on the apparent purity of juice from harvested

cane gzz.

In all experiments there was a highly significant negative correlation
between storage time and apparent purity. With variety B4362 the rate of
drop in purity increased throughout the season, which may be caused by pro-
gressive overmaturity of the cane. Unlike % pol, the rate of purity drop was

not greater in period B than in periods A4 and C; therefore it cannot be

concluded that the enhanced infection of cane by L.mesenteroides during
period B had a significant effect on this parameter. Variety B4362 (BE)

appeared to drop in purity at a significantly greater rate than variety

B51129 (f).
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f) Reducing sugar content (% R.S.) The results are shown in Fig.III,11.

In all periods the R.S. content was directly proportional to storage
time. However, in periods A, B and D the relationship appeared to be non-
linear, although the shape of the curves was dissimilar. The mean results
for variety B4362 (E) showed a smooth linear regression.

The mean daily increase in % R.S. was calculated for each graph by

dividing the difference between final R.S. and original R.S. by ten :-

Experiment Group Mean daily increase in % R.S.
A 0.017
B 0.069
C 0.080
D 0.096
B 0.067
F 0.021

The rate of increase in R.S. shows a steady rise throughout the season
for variety B4362 (A,B,C,D), which again may be caused by progressive over-
maturity of cane. Period B shows a higher rate of increase in R.S. than
expected from the overmaturity effect, especially between storage times of
3 to 6 days. The shape of the curve is similar to the logarithmic growth
curve of bécteria, and may be partly explained by the rapid growth of

L.mesenteroides in this cane, accompanied by R.S. formation. Variety B51129

(F) showed significantly less R.S. formation than variety B4362 (E).
The overrall mean rate of increase in % R.S. for B4362 was 0.067% per
day, compared with a mean drop in % pol of 0.35% per day; therefore oniy

one-fifth of the sucrose lost was converted to R.S. as an end product.
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g) pH The results are shown in Fig.III,12.

In all experiments the pH was inversely proportional to storage time.
The relationship was almost linear, but the initial rate of fall in pH was
generally faster than the final rate. Individual experiments showed a wide
variation in pH at a given storage time. The mean daily drop in pH was

calculated to be -

Bxperiment Group Mean daily drop in pH (units)
A .049
B .100
c 072
D .065
E 072
F 070

Overmaturity did not appear to cause a significant increase in the

rate of pH drop, and the mean rates for both varieties was similar.

However, the rate of fall in pH was significantly higher in period B than
in any other period for variety B4362, which may be due to more rapid

growth of L.mesenteroides.
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h) Dextran content and specific viscosity The results are shown in Figs,

ITI,13 and III,14, respectively. They may suitably be discussed together.

In general, both dextran content and specific Viscosity were directly
proportional to time of storage. Although the general relationship appeared
to be linear, both Uparameters displayed peaks and troughs which are probably
statistically significant and could not be represented by a linear regression
equation; such an equation would probably contain at least five terms and
would be difficult to derive. The curves for B4362 (all season), E,
exhibited two peaks for dextran content at days 4 and 6, and two troughs at
days 5 and 7, whereas specific viscosity showed peaks and troughs which were
displaced by a factor of one day prior to those for dextran.

These results may be explained in terms of dextran production by

L.mesentercides. It is shown in Fig.III,16, that L.mesenteroides attains its

maximum count in infected cane 3 to 4 days after harvest, and then slowly dies
out. It is also known that pure cultures of this organism in a liquid sucrose
medium produce dextran which causes an initial viscosity increase, followed by
a decrease (Jeanes, 1965). This was explained by changes in molecular weight
and degree of cross~linking of the dextrans, which influence its viscosity and
water-solubility. This phenomenon could satisfactorily explain the peaks and
troughs in dextran content for harvested cane between 4 and 7 days storage.
However, it is difficult to explain the lack of correlation between peaks and
troughs of dextran and viscosity, without further investigation.

The continued increase in both dextran content and Specific viscosity

beyond day 7, when L.mesenteroides counts are declining, could have several

explanations, Firstly, it may be caused by the continued activity of the

enzyme dextransucrase, which is produced extracellularly by L.mesenteroides.

Alternatively, it may be due to formation of similar polysaccharides by certain
lactobacilli (Chapter IV) which grow more slowly than Leuconostoc. Finally,
it may be due to formation of a non-microbial polysaccharide such as sarkaran,

which would be detected by the 'haze analysis!' technique. Resolution of this

problem requires further research.
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The rate of increase of dextran and viscosity was significantly greater

in period B than in other periods. This is almost certainly due to the

greater degree of infection of this cane with L.mesenteroides. Period A

showed the least dextran formation, and variety B4362 was slightly more
susceptible to dextran formation than B51129.

It is of interest that many samples of freshly-harvested cane contained
"dextran' when analysed by the haze analysis technique. The maximum figure
observed was 0.51% Brix, in Experiment 56. Mean figures for initial dextran

% Brix are shown below :—

BExperiment Group Mean initial dextran % Bx.
A 0.13
B 0.16
c 0.20
D 0.22
E 0.18
F 0.09

Within variety B4362 there is a small, but probably significant, increas:
in initial fdextran' content throughout the season; this may be an effect of
over-maturity on formation of 'sarkaran'. This observation confirms similar
reports by Foster (19690) for burnt, chopped cane in Queensland, and contra-
venes the findings of Keniry et al (1967b), who did not detect ‘'dextran' in

fresh cane.

It may be concluded that dextran content and viscosity are suitable
indicators of processing quality of harvested cane, since the harmful effects
of dextran are probably directly proportional to the dextran content and
viscosity of the juice. However, they are less satisfactory as indicators of
the age of cane post-harvest, owing to the observed non-linear relationship o
these parameters to time of storage, and the presence of 'dextran' to varying
degrees in fresh cane. Dextran content is more suitable than viscosity for

use as a routine quality control test, because its determination is more

rapid and accurate, and its rate of increase is greater.
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i) Microorganisms Results on the counts per ml, juice of total spoilage

organisms, lactic acid bacteria and yeasts are summarised in Figs.III,15,16
and 17 respectively.

In all periods studied the growth curves of total spoilage organisms and
lactic acid bacteria are almost identical which indicates that the latter
group were the predominant spoilage organisms. Significant numbers of other
groups of microorganisms were generally detected only in fresh cane; these
were usually yeasts and AAB. Yeasts multiplied slowly during storage but
rarely attained counts higher than 106 per ml; initial yeast counts were
usually between 1O3 and 104 per ml. juice. The AAB did not appear to multiply

in harvested cane except in a few isolated experiments.

The lactic acid bacteria consisted mainly of Leuconostoc mesenteroides,

but Lactobacillus species often became more prevalent towards the end of the

i0-day storage period. Initial counts of L.mesenteroides were usually between

5.0 x 104 and 5.0 x 1O5 per ml. They multiplied rapidly in harvested cane

and exhibited the characteristic exponential growth curve. Maximum counts
were obtained within 3 to 4 days of harvest, after which a slight decline in
numbers occurred.

L.mesenteroides was detected in juice from freshly-harvested cane in

every replicate experiment, but the rate and extent of subsequent multiplica-
tion varied widely between experiments, The highest mean maximum counts were
observed in period B, whereas the mean maximum counts recorded iﬁ periods A4,

C and D were similar. "It is probable that the high rainfall and moist ambient
conditions of period B facilitated infection and multiplication of

L.mesenteroides in harvested cane. However, the mean initial LAB count in

period B did not differ significantly from the subsequent periods C and D,
although it was higher than in period A.
Overmaturity of the cane did not appear to affect its degree of infection

with L.mesenteroides, neither was there any significant difference between the

varieties B4362 and B51129.
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dany isolates of LAB were selected for identification. 16 izolates were

%))

Leuconostoc mesenteroides, 8 were identified as L.dextranicum, and seversl

isolates of homofermentative and heterofermentative lactobacilli were cbtained.
It was concluded that under Jamaican conditions, harvested cane is

almost always infected with L.mesenteroides. In most cases this organicsn

multiplies rapidly inside the cut stalke, but its degree of infection and
growth is enhanced by wet climatic conditions at harvest and during subse-

quent storage. When Leuconostoc counts exceed 107 per ml. juice, it is

highly vrobable that this organism causes significant losses of sucroce and
formation of potentially harmful dextran in the stalks. However, since the
infection is ubiguitous, it is difficult to distinguish between the effects
of Leuconostoc growth and normal staling of cane, except where wet conditions
obviously enhance microbial growth.

In many experiments, especially in wet weather, harvested cane deveioped

growth of the fungus Monilia sitophila 2t the nodes and cut ends. This

organism became visible after 2 - 3 days storage, and was recognised by its
characteristic red-pink colour (Fig.III,18.). Although it was of very common
occurrence on cane stored in the factory yard, it was not considered to be of
significance in causing sour cane, because it appeared to grow saprophytically
on Jjuice exuded from the stalks. However, its presence is indicative of the
age of cane after harvest. This organism was a troublesome contaminant in

the microbiology laboratory, where it can rapidly spread over the surface of
agar petri-dish cultures and sporulates profusely at the junction of the 1lid
and base. 1t was successfully inhibited by use of divhenyl on the lig,

(Chapter II).

5. Comparison of post-harvest deterioration of mechanically-harvested,

chopped-up cane with hand-cut, whole-stalk cane.

Two adjacent fields of mature cane of the same age and variety (HJ5741)
were selected. One was burnt in the usual manner, the other was left green.

12 whole stalks of burnt cane were cut by hand from a short length of a row
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FIG, IT11,18.

Storage experiments on harvested, burnt, whole-stalk cane.
Variety B4362, commenced 25th June 1969.

(a) Appearance of a bundle of cane immediately after
harvest.

(b) Appearance of same bundle after 3 days storage in
the open, showing growth of Monilia sitophila at
the nodes.




adjacent to the green field. 144 whole stalks were hand cut from the green
field near this point. In the burnt field, the billets of nmechanically-
hervested cane were collected from the row next to that previously samvled,
over a similar distance. All the cane was immediately transported to the
factory. The burnt, whole stalks were mixed and divided into six bundles of
12 stalks, whilst the green cane was mixed and divided into 12 bundles of 12
stalks each. 6 of these green bundles were chopped by hand into billets
approximately 11" long. The burnt, chopped cane was divided into 6 piles,
each of similar weight to a bundle of whole cane.

The bundles and piles were labelled and weighed to within 41b, laid on
grass, then stored in the owen. One samnle of each treatment was analyvsed
immediately and after storage times of 12, 24, 36, 48, 72 and 96 hours.

Bach sample was weighed, then crushed in a 2-roller electric mill. The
Juice was collected and weighed, and analysed for the following :- Leuconostoc
count; dextran content; Brix; pol; sucrose; reducing sugars. Chemical
analyses were kindly carried out by the S5.M.A. Research Dent., Handeville,
on frogzen juices. Two trials were performed; BExperiment 1 commenced on 3rd
March, and Bxperiment 2 on 23rd HMarch, 1970.

The results of Leuconostoc counts are shown in Fig.III,19 and dextran
content in Fig.I11,20. Chemical analyses obtained in Experiment 2 are given
in Table II1,18.

Both the Leuconostoc count and dextran content of mechanically-harvested

T 2 w——

cane were much grezater than that of hand-cut cane at any given storage time.
The initial Leuconostoc count of the mechanically chopped billets was high,
but hand chopped billets of green cane were not significantly more con-
taminated than whole-stallc cane. This shows that the rough treatment of cane
in the harvesting machine is probably resoonsible for its heavy infection.
There was no significant difference between burnt and green whole stalks.

The rate of loss of weight duwe to drying in whole~stalk cane was approximately
half that of chopped cane. Weather conditions during the experiment were hot

And Adwr
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Analysis

Storage Treatnent 4
tine in sucrose % Weight
nours R.S.%w/w pi w/w Brix “o Pol Loss
Greer, whole 0.44 13.%6 21.28 18.12 -
0 " choppmed 0.52 11.58 19.68 16.07 -
Burnt, whole 0.44 13.83 20.48 18.30 -
" chopred 0.90 12.37 19.76 16.79 -
Green, whole 0.44 13.94 20.48 18.40 1.2
12 " chovped 0.48 13.95 20.28 18.55 2.2
Burnt, whole 0.56 12.23 19.88 16.70 0.9
" chopped  0.92 12.55 18.96 16.72 1.2
Green, whole 0.64 13.63 20.28 18.06 1.0
" chopped 0.48 13.98 20.68 18.49 2.5
24 Burnt, whole  0.44 14.27  20.68  18.75 1.4
" chopped 1.51 12.69 18.96 16.84 1.6
Green, whole 0.64 1%.59 21.08 18.26 5.6
n chopped 0.74 13.81 20.88 18.40 6.1
36 Burnt, whole  0.62 14.07  21.48  18.81 3.6
" chopped 1.41 12.46 19.16 16.69 8.5
Green, whole 0.74 13.92 20.68 18.44 2.6
" chopped 0.81 12.55 20.28 17.10 T.7
51 Burnt, whole 0.66 13.97 21.68 18.78 4.2
n chopped 1.51 11.67 19.16 15.99 6.3
Green, whole NT 11.58 25.28 17.13 6.2
" chopped NT 11.06 2%.68 16.79 1.7
80 Burnt, whole NT 8.36 22.88 14.16 7.3
" chopped NT T 20.48 NT 14.5

Table ITT,18. Changes in juice composition and weicht of cane during

storage of green and burnt cane harvested by machine

and chopped-up, and harvested manually.

(Chemical analyses determined by S.M.A. Research Devt.)

NT = Not Tested



. CONCLUSIONS

1. slitative and quantitative data were obtained on the wicrobiolozical,
rhysical and chemical chanses waich oceour during storsge of harvested cane.

+ {7

to the U.XK.,

hbut this was often delayved in transit and suffered deterioration »rior to

test. 1In every case the nredoninant snoilage nicroorzanisms were lactic

acid hacteria, esnecially Leuconostoc mesenteroides.
2. 45 renlicated exveriments on the storase of dburnt, manually-cut, whole-

stalk cane were executed at Frome in 1960. The results were analysed
statistically, and the effect of storaze time on the following vnerameters
was studied :— weight loss in cane; juice extraction ¢ cane; brix; pol;
nurity; reducing sugars; pH; dextran; vigcosity; viable count of snoilage
orsanisms, lactic acid bhacteria and yeasts.

Variety B4362 deteriorated more ranidly after harvest than B51129.

With variety B43%62, the rate of deterioration increased significantly durinz

l\j

eriods of high rainfall. This was coincident with an increase in the

maximum count of L.mesenteroides in the cane. Overmaturity of the cane

anpeared to enhance its rate of deterioration. MNearly all the cane was

infected with L.mesenteroides, which was the predominant spoilage organisn

=

W

in every case. Its growth was accompanied by significant increases in the
dextran content and viscosity of cane juice. Dextran content was more
suitable for use as an indicator of cane processing quality than juice
viscosity.

3 Two experiments compared the rate of post-harvest deterioration of
manvally-cut, whole-stalk cane and mechanically-harvested, chopved cane. The
latter deteriorated most rapidly, and exhibited high Leuconostoc counts and
dextran contents within 15-20 hours of harvest.

4. 1t was concluded that whole-stalk, manually-cut cane should be milled
within 24 hours of harvest to minimise economic losses, especially in hot,

wet weather.
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CHAPTER IV IDENTIFICATION OF MICROORGANISMS ISOLATED FROM
STORED HARVESTED SUGARCANE

A, INTRODUCTION

The microbiology of harvested, whole-stalk cane during storage has not
been studied previously, but some investigations on the microflora of
extracted cane juice in the factory mill have been reported. Several of
these include microbial identification to species level. It is assumed
here that many of these microorganisus are derived from the crushed cane.

Early work on the microbioclogy of mill juices and the cane plant was
reviewed by Thaysen & Galloway (1930), Hucker & Pederson (1942), and Owen
(1949), who lists the known micréorganisms isolated from cane juice.

Amcngst the bacteria, Leuconostoc mesenteroides is most freguently reported,

but other gum-forming bacteria were also identified. Levan formers were
probably members of the genus Bacillus, whilst rod-shaped dextran-formers
were probably lactobacilli. The occurrence of the latter group in cane
and beet factories was reviewed by Perquin (1940), who described

Betabacterium vermiforme as the causative organism of an outbreak of slime

in a beet factory.

Several papers were published in Louisiana on the identification of
organisms in cane juice. L. mesenteroides was isolated from frost-damaged
cane by McCalip & Hall (1938), whilst Alford & McClesky (1942) identified
the principal slime~forming organisms in juice as L. mesenteroides and

L. dextranicum. Later work by Faville (1947) and McClesky, Faville &

Barnett (1947) showed that these 'L. dextranicum'isolates were in fact

L. mesenteroides strains which fermented pentoses slowly. More than 700

isolates of L. mesenteroides were studied and divided into 4 types, A, B,

D, & P, based on colonial morphology. Mayeux (1960) and Duncan & Colmer

(1964) studied coliform bacteria on the cane plant and in mill juice and

found that the predominant species were Aerobacter aerogenss and A. cloacae.
In Cuban mill juice the predominant genera were Bacillus, Micrococcus,

Flavobacterium, Achromobacter, Escherichia and Leuconostoc. (Pederson &

Hucker (1946).



The causative organism of the deterioration of mechanically harvested

chopped-up cane in Queensland was identified as L. mesenteroides (Egan,

1965¢c); colony types A & D predominated.

The significance of polysaccharide-producing bacteria of the genus
Bacillus in sugar refining was discussed by Skole, Newnman & Barnwell (1968),
who identified members of this group in Louisiana raw sugars as B. subtilis
and B, cereus, but they did not examine cane juice.

Slime-forming bacteria in cane juice were identified as Acetobacter
xilinum in an early paper by Browne (1906).

Very little work has been published on yeasts and moulds present in
cane Jjuice. Bl-Tabey Shehata (1960) identified many yeast isolates from

fresh Brazilian cane Jjuice; the eight predominant species were

Saccharomyces carlsbergensis var. alcoholiphila (n.var); S. cerevisiae;

Pichia membranefaciens; P. fermentans; Torulopsis stellata; Candida

krusei; C. guilliermondii, and C. intermedia var, ethanophila. Kopeloff

& Kopeloff (1919) found that the most common mould spores in Louisiana

cane Jjuice were Aspergillus sydowi, A, flavus, A. niger, A. repens,

Penicillium divaricatum, and members of the genera Citromyces, Cladosporium,

Syncephalastrum and Trichoderma.
In a study of osmophilic yeasts on the cane plant, Scarr (1954)

identified %5 isolates as Torulopsis sSppe. (30 strains); Saccnaromyces

bisporus (3 strains); S. elegans (2 strains); and S. rouxii (1 strain).
The xerophitic mould Aspergillus glaucus was also obtained.

It is apparent from the literature that extracted cane juice contains
a wide range of microorganisms, many of which may be implicated in the
souring of harvested cane. Quantitative and qualitative changes in the
microbial flora of stored, harvested cane were reported in the previous
chapter, whilst the present chapter describes the identification of

microorganisms isolated in these experiments.

Selective media were used to isolate various groups of microorganisnms

thought to be of potential significance in sour cane, i.e. lactic acid

bacteria (Leuconostoc and Lactobacillus species); aerobic spore-forming



rods (Bacillus species); coliforms; acetic acid bacteria and other

aciduric Gram-negative bacteria; mesophilic and osmophilic yeasts and moulds
More than 500 isolates were selected from a range of sources and media

and maintained in a stock culture collection. The colonial morphology,

Gram stain reaction, microscopic appearance and catalase reaction of all

the isolates were recorded, and representative strains were chosen for

identification tests at both the generic and specific levels using methods

recommended by current leading authorities on each group.

B. EXPERIMENTAL

1. Lactic acid bacterig

Sharpe, Fryer & Smith (1966) defined lactic acid bacteria as Gram-
positive, non-sporulating cocci or rods dividing in one plane only (with
the exception of the pediococci); catalase negative (some strains nay
possess a 'pseudocatalase' detectable on low sugar-containing media);
usually non-motile, obligate fermenters, producing mainly lactic zcid and
sometimes also volatile acids and CO2. They are subdivided into four

genera as follows:-

Streptococcus - homofermentative cocei in pairs or chains
Leuconostoc - heterofermentative cocci in pairs or chains
Pediococcus - homofermentative coceci dividing in two planes to

give tetrads which may appear as clusters

Lactobacillus - homo- or hetero~fermentative rods

The strains examined here were isolated on STA medium (Chapter II) or
on media selective for lactic acid bacteria, i.e. Rogosa agar or STA + 0.1%
thallous acetate, designated STATA (Chapter iI). They were identified to
generic level by the tests recommended by Sharpe et al (1966), i.e.
microscopic appearance of Gram-stained films; catalase test; fermentative
use of carbohydrate (Hugh & Liefson (1953)); homo~ or hetero-fermentative,
by production of gas from glucose (Gibson & Abd-el-Malek (1945)). Most

of the isolates belonged to the genus Leuconostoc; the remainder were

Lactobacillus species.



a) Genus Leuconostoc van Tieghem, emend. Hucker & Pederson
o ————— et O e

Heterofermentative streptococci were first grouped in the genus
Betacoccus by Orla-Jensen (1919) but Hucker & Pederson (1930) placed them in
the genus Leuconostoc (van Tieghenm (1878) and classified three species,

L. mesenteroides, L. dextranicum and L. citrovorun. Later work by Garvie

(1960) divided the genus into six groups; three were L. cremoris, L. lactis

and L, dextranicum , whilst three were L. mesenteroides. Whittenbury (1966}

studied leuconostocs isolated from grass and silage and found some strains
which differed significantly from the four named species. Most recently,

Garvie (1967a, b} described two new species of Leucongstoc, L. oenos from

wine, and L. paramesenteroides, previously regarded as a non-dextran-prod-

ucing variant of L. mesenteroides. Within the species L. mesenteroides

isolated from cane juice, McCleskey et al (1947) distinguished 4 types

A, B, D and F, based on differences in colonial morphology on 10% sucrose
agar. These types also differed in certain fermentation reactions, in
amount of dextran, gas and acid produced, and in the temperature and pH
requirements for growth. Serological and bacteriophagic studies showed
that type A constituted a distinct and homogeneous group, whereas types

B, D and F were heterogeneous (Leiva-Quiros & McCleskey (1947)) . Garvie
(1960) did not find such clear-cut differences in the strains she examined.
The growth factor and amino acid requirements (Garvie, (1967b)), and the
lactic dehydrogenases (Garvie (1969)) of the genus were also studied.

In the present study the identification methods of Garvie (1960) were
used. These were based on the following physiological and biochemical
testsi- growth at 37° and 45°C; heat resistance (55°C for 15 mins);
action on litmus milk; dextran synthesis from sucrose; diacetyl production;
carbohydrate fermentation - production of acid from arabinose, xylose,
salicin, sucrose, melibiose, lactose and trehalose; hydrolysis of aesculin
and arginine. All the strains examined were catalase negative, hetero-
fermentative, Gram-positive, oval cocci occurring in pairs and short chains.
Isolates which hydrolysed arginine and/or grew at 4500 were considered to be

heterofermentative lactobacilli. Lactic agcid configuration was not



L=

determined, neither were serologicalnor nutritional tests attempted. The

87 isolates belonged to the genus Leuconoztoc. 85 formed dextran fron
sucrose and fermented z pentose sugar, and therefore were placed in either

Group V (L, dextranicum) or Group VI (L. mesenteroides; . The specles were

separated by their ability to ferment arabinose. 63 isolates fermented

arabinose and were classified as L. mesenteroides(Cienkowski) van Tieghem.

22 isolates did not ferment arabinose but fermented xylose and were placed

in L. dextranicum (Beijerinck) Hucker & Pederson. Une isolate formed

dextran but fermented neither pentose; it was identified as L. dextranicum

(Group iv). The single non-dextran-forming isolate fermented both pentoses

o - . ; . ’ 3 . . B } \
and was classified as L. paramesenteroides Garvie (nov.spec.) (Garvie Group III).

The characteristics of 85 isolates are compared with the standard
descriptions of Garvie (1967a) in Table IV,1.
The pattern of physiological properties of cane isolates identified as

L. mesenteroides is similar to that of Garvie's Group VI, except that a few

strains did not ferment trehalose. However, isolates classified as

L. dextranicum differed significantly from Garvie's Group V in two respects.
7%% of cane strains fermented salicin compared with only 19% of Gp.V. strains,
and 95% of cane strains hydrolysed aesculin, compared with 50% in Gp.V. In
both cases the percentage of positive strains approximates more closely to
Gp.V1 than to Gp.V. Therefore these isolates appear to be intermediate
between Groups V and VI, but since they failed to ferment arabinose they

should be classified as L. dextranicum, Group V.

The origins of the Leuconostoc isolates are shown in Table IV,2,



L.mesenteroides L.dextranicun
Test % strains positive % strains positive
Garvie . Garvie s
- Tilbm
Gp. VI Tilbury Gp. V i ry
No. of strains examined 31 63 16 22
Acid from:- arabinose 100 100 0 0
xylose 77 60 100 100
salicin 17 89 19 75
melibiose 81 76 94 86
lactose 52 46 62 64
trehalose 100 87 100 86
Hydrolysis of aesculig 94 97 50 95
Resistance to heat 55°C,15 mins. 77 84 75 5%

Table IV,1, Physiological and biochemical characteristies of 85 strains

of Leuconostoc isolated from cane juice compared with

L. mesenteroides (Gp.VI) and L. dextranicum (Gp.V) (Garvie,

1967a) .

All isolates possessed the following characteristics:-
glucose; no growth at 4500;

formed from sucrose; growth at 3700;

arginine not hydrolysed;

gas produced from

dextran and acid

diacetyl not produced.

Experiment _ Culture collection code number of isolates
Origin
Code No. L. mesenteroides L. dextranicum
b lMauritius,}966  G6,G7,6G8,69,G10,G11,G12,
¢1l2a,G13,G14,L5s,L61,L16, -
17,118,L19,120.
d Frome, 1967, I. 1b,16Db. la,4a,4b,9a,14b,1l4c,
17v.
e ¥rome,1967, II. 62a,65a,68b,69a,70a,7lz, 66b,70b.
71b,72a,73b,75c.
f B.Honduras,1967 122a,122c. -
g Hauritius, 1967 131,132,133. -
J Frome,1968,III. 152,15%,155,158,164,166, 156,159,161,162,
169,170,172,17%,174,201, 16%,200.
202.
k Frome,1969 J3,J5,J39,J12,J15,4J18,J19, J2,J6,J8,J28,J44,346,
J3%,J53,J58,J61,J62,J91. JoT.
1 Frome, 1970 J93,J98,J99. J97.

Table IV,2. Origin of 86

isolates of Leuconostoc from cane juice.
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L. mesenteroides was isolated from cane juices from Jamaica, British

Honduras and HMeuritius over several years. The isolates were cbtained from
fresh cane juice and from cane stored for various periods up to 10 days after
harvest; the majority were selected from 10_7 dilutions of cane Juice. This
indicates the wide distribution of the organism and its predominance in
stored, harvested cane.

The colonial morphology of dextran-forming strains on STA included the 4
types A,B,D and F observed by lcCleskey et al (1947), but types B ana D pre-
dominated. The appearance of these types is shown in Figure IV,1. Type A
colonies (3 isolates) were smooth, semi~transparent, round, entire, and convex
with a low elevation; the slime was watery. Type B colonies (BO isolates)
were rugose, opaque, cartilaginous, raised, often surrounded by clear, watery
slime. Type D colonies (18 isolates) were smooth, transparent, round, entire,
large (8-12 mm diameter), convex, with a high elevation (4-8 mm), and frequently
dripped onto the 1lid of the inverted petri-dish. Type F colonies (12 isolates)
were similar to 'D' but smaller and opaque. The colony types were randomly
distributed between samples, and there did not appear to be any correlation
belween colonial morphology and physiological characteristics.

b) Genus Lactobacillus Beijerinck

The most recent authoritative review on the taxonomy of lactobacilli is
that of'Sharpe (1962), whilst the identification of lactobacilli is described

by Sharpe et al (1966). In both these publications the genus Lactobacillus

is conveniently divided into the three sub-genera Thermobacterium, Strepto-

bacterium and Betabacterium, first suggested by Orla-Jensen (1919), although

these are not recognised in Bergey's Manual (Breed, Hurray & Smith 1957).

Thermobacterium contains homofermentative, thermophilic species, whilst Strepto-

bacterium includes homofermentative species which grow at low temperatures and

Betabacterium comprises heterofermentative species. The 67 lactobacilli

strains isolated from cane were classified in the sub-genera Streptobacterium

(30 isolates) and Betabacterium (37 isolates).

The methods of identification to specific level were those of Sharpe et al



PG, IV,1.

(c)

Colonial morphology of Leuconostoc mesenteroides

cultures on sucrose tryptone agar, 72 hours at 3000
(2/3 actual size)
Type A. Strain no. 62a.
Type B. no watery slime. Strain no. 68b.

Type B. Watery slime present. Strain no. 69a.



(e)

B

G, Iv,1.

Colonial morphology of Leuconostoc mesenteroides

Cultures on sucrose tryptone agar, 72 hours at SOOC

(2/3 actual size)

Key (d) Type D. Strain no. L20.
(e) Type F. Strain no. 70b.
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(g)

FIG. IV,1.

Microscopic appearance of Leuconostoc mesentercides

Gram-stained smears, magnification x 1650

(f)
(g)

Strain L20.

Strain 14b.

Culture grown on YGC agar
48 hours at 30 C

Culture grown %n YGC broth
24 hours at 30 C




(1966). The Tollowing physiological and biochemical characteristics were
determined:- gas production from glucose; growth at 570 and 4500; hydrolysis
of arginine; production of dextran from sucrose; % acid in milk; growth in
0.4% Teepol; aesculin hydrolysis; fermentation of arabinose, cellobiose,
melezitose, melibiose, maltose, galactose, lactose, mannitol, salicin, and
gucrose. Lactic acid configuration was not determined, neither were
serologicalnor nutritional tests attempted.

(i) Streptobacterium Orla-Jensen. The identification of 30 isolztes of

streptobacterium is given in Tuble IV,3, in comparison with standard

descriptions of the species (Sharpe (1962)).

17 strains closely resembled L. plantarum (Orla-Jensen) Holland except in

fermentation of xylose; growth at 4500 and % acid formed in milk. The two
latter differences appear to be significant, but in view of the similarity in
the more important fermentation reactions, and ability to grow in 0.4% Teepol,

this group is considered synonymous with L. plantarum.

The 5 straings identified as L. casei v. casei (Orla-Jensen) Holland also

differed from the standard description in xylose fermentation, growth at 4500
and % acid formed in milk, and, in addition, fermentation of arabinose and
manmitol. However, the ability to ferment lactose but not rhnamnose, ana
failure to grow in 0.4% Teepol, clearly distinguishes this group from the

other species of Streptobacterium.

The 8 isolates placed in L. casei v. alactosus (Orla-Jensen) Holland agree

closely with the standard description in most respects. The group is

distinguished from L. casei v. casei and L. casei v. rhamnosus by its inability

to ferment lactose and rhamnose respectively.

An interesting property of most strains of L. casei v. casei and

v, alactosus was the ability to form dextran from sucrose. This property was

noted in isolates of streptobacteria obtained from 'frogspawn' in a beet-sugar
factory by Perguin (1940), who proposed that they belonged to a new species,

. . . . . . _ .
named streptobacterium dextranicum. This species differs from Sharpe's

description of L. casei v. alactosus only in its absence of galactose ferment-

ation, and from cane juice isolates in its absence of arabinose fermentation.
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L.plantarum L.casei v.casei L.casel v.alactosus

sharpe Tilbury Sharpe Tilbury  Sharpe  Tilbury

Ho. of strains e . .
examined No 17 IS 5 03 8

Permentation of:

arabinose z 2(14) - {57 - 25
lactose + +(17) + +(5) - -{0)
melibiose + +(16) - -(0) - -(0)
raffinose -+ +(13/13) - -(0) - =(2)
rhamnose z i(9/15} - -(0) - Z(2)
sucrose - +(16) + +(5) - +8)
xylose - T - =(3) - -(1
anygdalin + +(12/13) + +(5) + -(8)
celiobiose + +(1%/13) + +(5) - (8
calactose + +(13/13) + +(5) x +(8)
maltose + j(7/13) + +(4) + +(8)
mamitol + +{(12/13%) + (1) . (4
salicin + +(17) + +(5) - (8
sorbitol +(12/1%) & +(5) - +(8)
Growth at 15°C + +(12/13) + +(4) + +(8)
Growth at 45°¢C z +(2) z -0) - 3
w acid in milk 0.3-1.2 5.7-11.0 1.2-1.5 3.3-10.1 0 C.7-2.7
Growth in 0.4%Teepol  + +(13/13) - -(0) - -(0)
Hydrolysis of
aesculin + +(17) + +(5) , -(8)
Hydrolysis of
arginine - -(0) - -(0) - -(0)
Dextran from sucrose IS (1) o8] +(5) s -(4)

None produced gas from glu. use,

Table IV,3. Physiological and biochemical characteristics of 30

homofermentative Lactobacillus strains (Streptobacterium)

isolated from cane juice, compared with standard

. . . /o \
descriptions of species {(sharpe, 1962).

4+ all strains positive
: majority ot strains positive
T majority of strains negative
- all strains negative
NS not stated
Figures in brackets denote number of strains giving a positive

result.



The creation of a new species to include the dextran-forming strains of
L. casel does not seem justified.

(ii) Betabacterium Orla-Jensen. 57 isolates of heterofermentative lactic

. . . . . s . 0 e — -
acid bacteria either hydrolysed arginine or grew at 45 C (or both) and therefore

were classified in the sub-genus Betgbacterium. Full identificztion tests

were determined for 10 isolates, whilst more limited tests were apvolied to 18
strains and 9 isolates were only tested at generic level.

lione of the isolates resembled any of the 5 snecies of Strevtobacterium

described by Sharve et al (1966) i.e. L. fermenti, L. buchneri, L. brevis,

L. cellobiosus, and L. viridescens.

34 of the strains formed copious amounts of dextran from sucrose; 27 of
these were clagsified into 6 distinct grouvs on the basis of arginine
. o . . a . .
hydrolysie, growth at 45°C, and fermentation of arabinose, melibiose, trehalose,

xylose, lactose and salicin. The scheme is shown in Table IV,4.

%g?upggé1g§esﬁ§§igi§§isiiozgg . ?e?mentation of:- : _
arabinosemelibiosetrehalosexyloselactosesalicin

I 6 + - + z (3) + (2) + = (3) -
II 6 + + - - -1 o+ I s
I 7 . - - -1 T2 + Tz F(2
Iv 3 - - + + - - - -
v 5 - + . T (1) (1) Z(2) Ty F(y
VI 2 - 4 - - - + - I ()

All strains produced dextran and fermented sucrose, and hydrolysed aesculin.

Table IV,4. Characteristics of 6 groups of Betabacterium which differed

significantly from named species described by Sharpe et al (1966).

Key + all isolates positive
majority of isolates positive
4+ majority of isolates negative

- all isolates negative.

Figures in brackets denote number of isolates giving

a positive result
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Test - Group I Group II
(6 isolates) (6 isolates)
Isolate numbers: 65b; 68a; 69b; L15; G3; GH; L51;
123a; 167; 168 J2;  JEl

Fermentation of: arabinose - -

cellcbiose + (4/4) +
melezitose - (0/4) -
melibiose (%) -
raffinose + (1/4) -
trehalose + (2) - (1)
xylose 4 +
amygdalin + (4/4), .
rhamnose + (4/4) -
sorbitol T (1/4) -
maltose - (0/4) .
galactose z (3/4) +
lactose (%) I (3)
mannitol ~ (0/4) -
salicin + +
sucrose + +
Growth at 15°¢ + (4/4) -
Growth at 4500 - -
Hydrolysis of aesculin + +
Growth in 0.4% Teepol - (0/4) -
Hydrolysis of arginine + +
% acid formed in milk 2.0 - 2.4 (4) 0.7 - 3.0
Production of dextran from sucrose + +
Ges from glucose + +
Table IV,5. Physiological and biochemical characteristics of two

groups of dextran-forming, heterofermentative lactobacilli

(Betabacterium) isolated from cane Juice.

Key: + all strains positive
- mwmajority of strains positive
4+ majority of strains negative

- all strains negative

Migures in brackets denote number of strains giving a positive result.
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weven ol the isolates which were identified only to generic level grew at
45'0, hydrolysed arginine and formed dextran from sucrose; therefore these
probably belong to Group -II.

Three isolates which did not produce dextran from sucrose were not
identified.

The complete biochemical characteristics of Groups I and II are shown in
Table 1V,5. The macroscopic and microscopiec appearance of a typical isolate

'S i
e shown in Fig. IV,2.

Groups I and II are distinguished from each other by fermentztion of
arabinose, maltose and rhamnose, and growth at 45OC. They clearly differ from
any of the named species of Sharpe et al (1966) in the vattern of growth at
4500, arginine hydrolysis, aesculin hydrolysis, growth in 0.4 Teepol, and
fermentation of amygdalin. Therefore it is suggested that these Groups
constitute two new species of betavacteria. A comparison of these groups with

Betabacterium vermiforme (Ward) Hayer described by Perquin (1940) shows certain

similarities, but the fermentation patterns differ significantly.

Strains 65b, 69b and 123a were sent to Dr. Sharpe for identification. She
coniirmed that these isolates differ significantly from previously named species
of betabacteria, but are similar to several dextran-forming strains recently
isolated from different sources, (culture numbers 930 and 889).

The qualitative nature of the extracellular polysaccharides of these five
strains was compared in order to seek further evidence on the homogeneity of
the proposed new speciles. Pure samples of gum were obtained from the organisms
grown in a sucrose medium, by the method of Jeanes (1965). The gums were
hydrolysed to their constituent simple sugars by mild acid hydrolysis. 10nmg.
sum was boiled with 45% formic acid in a sealed tube overnight; the
hydrolysates were evaporated under vacuum, washed three times in distilled
water, and finally dried in a vacuum oven at 4000. Gas~liquid chromatography
was performed on the trimethylsilyl derivatives, by the method of Sweeley,

Bentley, Makita & Wells (196%).
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FIG. IV, 2.

Macroscopic and microscopic appearance of Lactobacillus confusus.

Colonial morphology. Str%in 65b grown on sugrose
tryptone agar 3 days at 30 C (actual size)

Microscopic appearance of Gram-stained film,
magnification x 1650. Strain 69b grown in
YGC broth for 24 hours at 30 °C




Two peaks were observed in the chromatograms of ali the hydrolysates;
these were identified as ¢ and 3 glucose. No other sugars were detected at
the operating temperature of 19000 or at higher temperatures. It was concludec
that glucose is the sole constituent simple sugar of the gums, which are
probably the homo-glucan polysaccharide, dextran. Therefore the five isolates
appear to be homogeneous with resvect to extracellulsar volyzaccharide formation.

The proposed new species is tentatively named Lzctobacillius confusus, and is

described by Sharpe, Garvie & Tilbury (in preparation).
Further work is necessary to establish the taxonomic position of Groups
II - VI, but it appears that they may also comprise one or several new species

of Lactobacillus.

2. Genus Bacillug Cohn,

The genus Bucillus comprises Gram-positive rod-shaped bacteria which
sporulate aerobically and produce catzlase.

17 1solates were selected from vlates of raw sugar agar, pH 5.5, after
inoculation with 10_2 dilutions of cane juice heated for 20 minutes at 80°¢
to kill vegetative organisms. The juices were obtained from various wWest
Indian sources (Expt. 'a') or from Hauritiuvs (Expt. 'b‘', Chavter III).

The identification methods were those of Smith & Gordon in the 7th Edition
of Bergey's Hanual (Breed et al (1957)), which are a revision of the monograph
of Smith, Gordon & Clark (1952). At the time of test the more recent
methods of wWolf & Barker (1968) were not published.

The isolates were examined by the following tests:- microscopic
appearance of cells grown on glucose ager, especially sporangium swelling,
shape and location of spores, presence of vacuoles and diameter of cells,
indole production; acetylmethylcarbinol production (Voges-Proskauer test);
formation of acid and gas from glucose and mannitol; motility; growth in
7% NaCl; comparative growth on nutrient agar, glucose agar and soya agar;
growth in glucose broth anaerobically; reduction of nitrates to nitrite, and
formation of gas from nitrates anaerobically; pH of glucose broth cultures;

starch hydrolysis and production of crystalline dextrin from starch.
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B.oumilus

Bergey Tilbury

B.subtilis

. B.megaterium

Bergey Tilbury

Bergey Tilbury

Ho. of streins examined

i) 8 s 7 s 2
(&N S
Sporangiwn swollen - - - - - -
spore shape oval to
cylindrical

spore location

Vacuoles in glucose agar

4 M
1
i

centralcentral centralcentral central central

cultures - - - - - <
Gell diameter (microns) ~0.9 0.5-0.9=0.9 0.5-0.7 >0.9 1.5
Growth in T iiaCl + +(7) { + is -
Siarch hydrolysis - - + 4 + -
Crystalline dextrins fronm
starch - - - - - -
Angerobic growth in glucose _ o
broth - - - +(2) - (1)
Nitrites produced from B
nitrates - - -+ - - -
Gas formation from nitrates - - - - - -
Acid from:- glucose + +(7) - +(6) + E
mannitol + +(6) + Z(4) -+ (1)
Hotility iy z . I Iy
Indole production I - s - N5 -
Voges—-Proskauer reaction + i -+ + - -
Growth on:- nutrient agar - + + + 4- +
glucose agar - + ++ {5 A +F
soya agar - -+ =+t + - -
pH of glucose broth cultures >5.2 5.3-5.5 >5.2 5.5-5.7 s 5.3
Isolate numbers: B1;B2;B5;B8;B9; B7;Fld;F5:liA; B3;
B11;B12;B13 HB;1C; L13 Ts¥a

Table IV,6. Characteristics of 17 isolates

of the genus Bzcillug obtained

from cane juice, in comparison with standard descriptions of

. = < 7 -3 . Y
species in Bergey's Manual (7th Ecdition).

all isolates

T+ o

~ all isolates

V5: not stated

positive

negative

najority of isolates positive

majority of isolates negative

Figures in brackets denote numbers of isolates giving a

positive result



Eight isoletes were identified as B. Pumilus Gottheil seven vere

B. subtilis Cohn, and two were B. megaterium de Bery. The results are

comnared with standard descriptions of the species, taken from Berzey's
HManusl, in Table IV,6.

There was close agreement between the characteristics of the cane juice
isolates and the standard species description. The exception was one

isolate, BS, which was classed as B. pumilus despite its inability to grow

T% WaCl.  This might be identified as B. coagulans, but it did not

hydrolyse starch and the »H of a glucose broth culture was more than 5.0.

Gram—-negative Bacteria

A
>

Uany isolates from harvested cane were obtained on GYE agar, pd 4.8,
containing nystatin to inhibit yeasts and actinomycin to inhibit lactic acid
hacteria (Chapter 11). 41l the isolates were catalase vositive, Gram-
negative, rod-shaped, bacteria. In general the population of these orzan-—
isms in fresh juice was high, but they increased slowly during storazge to
reacn a count l/lOO to l/l,OOO that of the lactic acid bacteria. Severai
different types of colony were observed, and most were pigmented. One type
included small, round, ovague colonies with a low convex elevation, which
ranged in colour from pale buff, pale orange, to dark brown. Another type
consisted of yellow, smooth, shiny, flat, spreading colonies. Tne third
type contained very large, opaque, domed, smooth, mucoid colonies, creamy
white to vpale yellow in colour; submerged colonies usually producea splits
in the agar due to gas production, whilst surface colonies frequentiy
"g¢ripped' onto the 1id of inverted petri-dishes. A Characteristic 'sweet
acid! smell was noted. A typical isolate is shown in ¥Fig. IV,3.
Typical isolates of each type were selected Tor further stuay. screening
ests Tor deteriogenic power showed that most of these isolates were not
significantly deteriogenic when inoculated into a sterile, synthetic cane

juice (Chapter V), but the mucoid types produced moderate gum formation.

Therelore 14 isolates of the mucoid type were selected For identification tests.
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FIG. IV,5.

Macroscopic and microscopic appearance of Enterobacter sp.,

strain no. 142.

Key (a) Colonial morphology on sucrose tryptone agar,
3 days at 30°C (actual size)

(vb) Microscopic appearance of Gram-stained film,
magnification x 1658° YGC broth culture,
24 hours at 30 C.
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¢ scheme of Vanderzant & liickelson (1969) for identification of Gram—

3
J

negative bacteria was adopted. The criteria studied were Gram staln;
growth on Maconkey agar; presence of oxidase (Kovace 1956); fermentative
or oxidative utilisation of carbohydrates (Hugh & Liefson 195%); motility
ana pigmentation.

411 the isolates were Gram negative rods with rounded ends, in pairs,
grew on Haconkey agar, oxidase negative, and fermentative; therefore they

were members of the family Enterobacteriaceae Rahn.

Identification to genus level was determined by the reactions in Kohn's
Two-Tube ledium (Oxoid Ltd.), as described by Carventer, Lapage and Steel
(1966).

411 the isolates showed identical reactions:-~ gcid and gas from glucose;
acid from mannitol and sucrose/salicin; urease negative (one isolate was
positive); HZS and indole not produced; motile. On this basis they were

classed in the genus Entercbacter Hormaeche & ddwards (late Aercbacter

. \ N . - . - .
Beijerinck), but the species was not determined. Aerobacter aerogenes ana
) X

A. cloacae are widely distributed -in nature in plants, soil ana water, and
were found in large numbers on cane and in cane julce by Hayeux (1960) and
Duncan & Colmer (1964).

The identity of yellow pigmented isolates was not determined, but
many may belong to the genus Erwinia Winslow et al (Hendrie, Ilitchell &
shewan, 1968). iolzogen Kuhr (1923) found that the predominant bacteria
of the epiphytic flora of sugarcane were yellow-pigmented, short rods which

resembled Bacterium herbicola a. aureum, oo classified as grwinia herbicola.

4. Yeasts and Moulds

a) Yeasts:

lMesophilic and osmophilic yeasts were isolated from I'rome cane (Experi—
ments 'd' and 'e', Chapter III) on wort agar and osmophilic agar respectively.
5% isolates were screened for deteriogenic power by inoculation into a

sterile, synthetic cane juice (Chapter V); 21 showed the ability to invert

cucrpie and were gelected for identification.

o
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Lne methods of identification were those of Lodder & Kreger-Van RiJ

A
e S

fense

(19/2). The following tests were anvlied:- cell size, shaoe and pellicle
formation in malt extract broth; pseudomycelium formation in slide cultures
on potatc dextrose agar; sscospore formation on carrot plugs; fermentation
of glucose, galactose, maltose, lactose, sucroce and raffinose; assimilation
of glucose, galactose, maltose, lactose, sucrose, and ethanol in Bacto Yeast
Nitrogen Base; nitrate assimilation in Bacto Yeast Carbon Base, and aesculin
hydrolysis. In addition, some of the tests recommended by Kreger-Van Rij
(1964) were included, i.e. growth at 37°C; growth on osmophilic agar, and
growth in Bpcto Vitamin-¥Free Yeast Base

e

At e time of test the two simplified schemes for identification of

veacts of Beech, Davenport, Goswell and Burnett (1968) had not been published.

A new edition of 'The Yeasts' (Lodder 1970) has been published but not yet
received.

The characteristics and identification of the yeasts are shown in
Table IV,7.

None of the isolates formed ascospores and therefore were classified in

the family Cryptococcaceze. In the absence of arthrospores and oignment

production they were further classified in the sub-family Cryvtococcoldese.

llost of the isolates possessed round to oval cells which reproduced by
multilateral budding, and did not form pseudomycelium or capsules; they
belonged to the genus Torulopsis Barlese. A few isolates possessed round to
oval cells and & well developed pseudomycelium and were classed in the genus
Candida Berkhout.

Few of the isolates conformed exactly to the species description of
Lodder & Kreger-Van Rij (1952) but the differences in properties were
sufficiently slight to enable their classification in known species rather

than create new species.

Tsolate No.87d differed from the standard description of Candida pseudo-

tropicalis (Cgstellani) Basgal only in its positive assimilation of nitrate

q0d smaller cell sirze. Numbers 102 and 103 were identified as Candide

tropicalis (Ce atellani) Berkhout although their cell size was smaller.
L i (% Lo ars

w

v
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Lodder et Hreger-Van Rij excent for its negative sscimilation of galactose and

The three straince identified as T. datiils ( Kluvver, Lodder nossessed

snaller cells, assimilated nitrate {2/3) 2nd did not ferment raffinose 1/5.
Five strains were clsssified as T. stellatz (Krcener et Krumbholiz) Lodder
zlthough they assimilated nitrate (4/5) and did not ferment raffinoce 1/3. A

variety of this species, T. stellata v. cambresieri, had been isolated from a

sugar mill, and El-Tabey Shehata (1960) had previously found thic species in
Brazilian cane juice.
The five isolates vlaced in T. holmii (Jorgensen) Lodder differed from the
standard description only in positive nitrate assimilstion (4/5 strains).
S5imilarly, isolates Nos. 45d and 60a differed from T. sake (saito et Ota)

Lodder et Kreger Van Rij in their positive nitrate assimilation.

Finally, nos. 96 and 44b were identical with T. versatilis (#tchells et

Bell) Lodder et Kreger Van Rij excent for their negative fermentation of
lactose and raffinose, but this fermentation was only weak in the standard
description.

All the isolates were able to grow on osmophilic agar, but in general the

o

strains within a species were isolated on both osmophilic and wort agar. Two

species, T. etchellsii and T. versatilis, had previously been isolsted bv the

o

author from British Guiana raw sugar (Tilbury 1967).

Pellicle forming yeasts were frequently observed in cane ijuice but were
not identified as they did not exhibit deteriogenic rower.
b)  ioulds:

The identification of moulds from stored cane was not studied. However,

the pink fungus Monilia sitophila ( liontagne) Sacecardo (perfect stage Neurosnorsa

O~
———-—-—-s__.__

sitophila) was widely distributed in large numbers on stored, harvested cane,

where it generally became visible within 3-4 days of harvest, esvecia ally in
wvet weather. (Chapter III). This was a troublesome contaminant of laboratory

petri-dishes and in order to »revent its overgrowth of vlates it was necessary

to inhibit it by the evaporation of diphenyl on the petri-dish 1lid vrior to



)

incubstion (In@ram, 1058).

C. CONCLUSIONS

1. 206 microorganicms were izolated in pure culture from jJuice extracted Ifrom
stored, harvested cone. Selective media were used to isolate the different

tyven of microorganisms thought to influence the biodeteriorstion of cut cane,

i.e. laoctic acid bacteria; Bacillus species; Gram-negative, catalsce-positive,
aciduric, rod-ghaped bacteri«, and yeasts. The icolntes were idecntified by
methods recommended by current lesding suthorities for each grouw.

2. The 154 isolates of lactic acid bacteria comprised 87 cultures in the genun

Leuconcostoc and 67 in the genus Lactobacillug.

T

3. Leuconostce isolates were identified ac 63 strains of L. megenteraides,

% atraing of L. dextranicum and 1 strain of L. parasmesenteroidec. Only the

o]
=

Jatter isolate did not form dextren from sucrose. The L. mesenteroidez strasins

-

vere similar to the Group VI of Garvie (1967a), but L. dextranicum strsins

differed sicrnificantly from Garvie Grouns

which fermented szlicin and hydrolysed aeszculin. The four tvnes of colonial
morphology described by lcCleskey et al (1947} were observed, but T
were not correlated with differences in biochemical properties. The
organisms were widely distributed and predominated in juice from stored,
harvested cane.

4, Laoctobacilluz isolates were separated into the cub-geners Strestobacterium

2

(30 isolntes) and Betabacterium (37 izolates) on the basis of ~as oroduction

<

from glucose.

5 The homofermentative streptobacteriz were identified os L. plontarum (77

strains) L. casei v. casei (5 strains) and L. cosei v. ~lcctosus (8 straing).

The characteristics of tThese strains were in senernl agreement with the

standard species descrivtion of Sharvne (1962). Many strains of L. cosei

v, alcctosus and v. casei formed dextran Trom cucrose.
6. The heterofermentative betabacteria differed significently from the

descrintions of the six species named by Sharpe (1962) and oshaor
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All formed dextran from sucrose and hydrolysed aesculin. Theyv
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into «ix grouns on the basis of

fermentation of six sugars. Detziled studies w

0

re mode of Grouns I and

sinine hydrolycis, growth at 45 and

3
-

A oae
"eu L &2

rainsj;

walch each contained six straiac. Group I stroins =zppeared to be o new

of Lacto:bacillum, Tentatively named L, confurug, discuseced in a naper by
Sharpe, Garvie & Tilbury (in wreparation). The characterigtics of this
species include hydrolysis of arginine, Tailure to grow at 45°G and in the
resence of O.4% Teenol, and Ffermentation of arsbinose, ¥vlose, cellobiose
auysdalin, rhamnose, salicin and sucrose.

T 17 isolates of the genus Bacillus were identified as B. numilus (& st

B. subtilis (7 strain s) and B, meﬁaterium_(E strains).

S. 14 isoletes of Gram-nesative, catglase-nositive, aciduric bacteria formed

large, ovacue mucoid cclonies on sucrose agar and nroduced sisnificant amounts

a synthetic cane juice. They were classed in the

B / R 4 \ -
nterobacter (Carpenter et al 1966) (late Aercbacter), but the

. . iS . £ ;
determined. It wes susgested that isolates o vellow-pignent
belonree to the genus Brwil

9. 21 isolates of yeast which were able to invert sucrose in

cane juice were identified as follows:~ Candide pseudotronicalis (1 str:

ed bhac

a synthetic

C. tropicalis (2 strains); Toruloosis etchellsii (l strain)-

strains); T. stellats (5 strains); T. holmii (5 strains,; T.

and T, versatilis (2 strains). The characteristics of the isolates were 1i:

,Ay/‘;]-

- ’

. dattila (3

sake (2 strains)

zeneral agreement with the species' descriptions of Lodder and Kreszer—Van Rij
(1952 .
10. The mouvld Monilig sitonnils (pe ect form,ﬁgyrcsnora sitomhila} frequently

occurred on the stalks of harvested cane during storage.
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CHAPTER V THE ETIOLOGY OF S0UR CANKE

A. IITRODUCTION

Eticlogy is the study of the cause of a phenomenon. The phencmenon
considered here is hiodeterioration of sugar cane caused by microcrganisms
('sour cane'), as distinct from autolytic changes which occur in non-
infected cane ('stale cane').

The fundamental principles for establishment of an organism zs the
causative agent of a disease were defined in the classical work of Koch

(1882). Hueck (1965) applied Koch's postulates to biodeterioration,

and adapted them as follows:-

1. A biodeteriogen must be present in or near materials showing
phenomena of biodeterioration, in such numbers snd such a distribution
that their presence may explain the phenomena in question.

2. It nust be possible to isolate the biodeteriogen from the material
showing phenomena of biodeteriorstion snd grow it as a pure culture.

5. It must be possible, with the pure cultures thus obtained, to

reproduce under controlled conditions, phenomena of biodeterioration
comparable to the original phenomena. The microorganism must be
observed in, and recovered from, the experimentally infected material.
These criteria are adopted in this study.
Despite many publications on the post-harvest deterioration of
sugarcane, few include microbiological astects. Most of these invest-

igations studied extracted cane juice in the factory mill, where th

O]

principal emphasis was on the effect of bacteria in the mill on inversion
of sucrose between crushing and clarification, and the formation of
'dextran' gums and slimes which clog pipelines and retard sugar
manufacture. It can reasonably be assumed that a largze provportion of
microorganisms present in factory mill juices are derived from the
extracted juice, although many originate from the epiphytic flors of the
cane plant, soil, trash, and the milling plant itself. The nature of
the microflora of mill juices therefore provides some information on the

microflora of harvested cane. Furthermore, it can be argued that many
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he changes in extracted juice composition brought about by ©

o

nese
orgenismg in the mill could also occur ingide the stalks of infected,

cut cane.

sarly work on the microbiolegy of mill juices, both in cane znd sug
beet factories, was reviewed by Thaysen & Gslloway (1930, rHucker &
Pederson &1942), and Owen (1949). In genersl, the occurrence of dextran

slimes and gums was due to the growth of Leuconostoc mesenteroides, but

in o few cases levan gums were formed by Bacillus vulgetus and related

(ﬁ

gpecies. Perguin (1940} reviewed the litersture on the formation of
gumg from sucrose by rod-shaped bacteria, and studied a case of dextran
formation in a beet sugar factory which was due to a lactic acid

bacterium, identified as Betagbacterium vermiforme.

Later work was mainly executed in Louisians, where deterioration of

frozen cane resulted in severe processing difficulties. MeCalip & Hall

into sterile 10% sucrose solutions, pure cultures of this organism

ity

reproduced the symptoms of frost-damaged deteriorated cane, i.e. loss o
sucrose, drop in pH, and increase in viscosity and dextran content.

N .
Millstein, Tobin & McCleskey (1940), Alford & HcCleslkey (1942), iicCleslkey,

Baville & Barnett (1947) and Faville (1947) studied gum-forming bacteria

in cane juice, and found that L. mesenteroides was the princirpal organisum.

- \ W . -
Hore recently, however, lMayeux (1960) and Duncan & Columer (1964 reported

7

the occurrence of large numbers of colifeorm bacteria (Aerobacter aerogenes

and g,_glqacae)in milil juice. The latter authors found that nure culture

~

of A. cloacae produced slime when inoculated int
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and suggested that coliform bacteria may play a significant part in the

deterioration of cane juice. Their. results hardly gjustify tThis hypothesis

because the coliform counts were only a small fraction of the total
number of organisms.
The microflora of sugar mills in Cuba was studied by Pederson (1938)

and Pederson & Hucker (7940) In freshly-extracted juice the »redominant
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microorganisms were species of the genera Bacillus, lMicrococcus, Flavo-

bacterium, Achromobacter and Bgscherichia; L. mesenteroides was frequently

present, but did not predominate until a later stage in the process.
The most recent work is that of Egan in Quesnsland, who made asn

4

extensive study of the deterioration of mechanically-harvested, chopped-up
cane. (Egan & Rehbein 1963%; Hgan 1964, 1965 a, b & c; 1966; 1967 a,b;

1968 a,b). His work clearly showed that this phenomenon, named ‘sour

storage rot!', was due to infection of cane by L. mesenteroides. It was

isolated in almost pure culture and in very high numbers from nearly all
samples of choppedFup caone billets examined; the degree of deterioration
was correlsted with the extent of infection. These results satisfy the
conditions of Koch's first and second postulates. Egan & Rehbein (1963)
also did experiments which satisfied Koch's third postulate; inoculation

of chopped cane with pure cultures of L. mesenteroides reproduced the

symptoms of 'sour storage rot' whilst 'sterile' controls did not deter-
iorate significantly in replicated trials, despite some cross—infection.
Comparable studies were not carried out on whole-stslk cane.

An earlier paper by Nicholson & Lilienthal (1959) reported the
formation of a new polysaccharide in whole-stalk cut cane in Queensland;
the polysaccharide was a glucan with 29% ¢ 1-6 links and 60% o 1-4
linkages. Inoculation of sterilised cane with pure cultures of

L. mesenteroides showed that slight growth occurred during subseguent

storage, but it was not correlated with this polysaccharide formation.

Similarly, there was no correlation between L. mesenteroides count and

polysaccharide content in regions of g naturally infected stalk 14 days
after harvest; in another experiment, naturally infected cane stored

over a l4-day period showed significant increases in L. mesenteroides

count, but no formation of the polysaccharide. This evidence suggests

that L. mesenteroiles was not responsible for the formation of the new

polysaccharide; Leuconostoc-type dextran was not detected in the «

1



Bacillug in sugar refineries was discussed by bearr (1949, and skole,

Wewman & Barnwell (1968;, but the effects of this groun in harvested cune

deterioration heve xnot previously been studied.
In Jumaica, Smith (1956) determined microbial counts of mill juices
in one factory at daily intervals over a three year period. The nean

I
count per ml. of first expressed juice was 3.4 x 10, with a minimum of
1.0 = 10" and maximum of 7.4 x 10 . About 3% of the total microbisl

(@)Y

count was yeasts, 60% 'slime moulds', and 10% was miscellaneous moulds
and bacteria. However, it seems »robable that the ‘slime moulds' were
in fact Leuconostoc celonies.

It is concluded from the literature that there is circumstantigl

ev nce which favours Leuconostoc mesenteroides as the princinal bio-

deteriogen in sour cane, but other microorganisms may alsc be szignificant.

cince the bulk of this evidence was obtained from extracted juice in the

[¢

mill rather than the cane itself, it does not satisfy the etiological
principles of Koch's first and second postulates. No work has bheen

reported which satisfies Koch's third postulate for whole-stalk cane.

=

Therefore research was initiated to elucidate the etiology of sour cane.
Qualitative and quantitative changes in the microbial flors of

harvested cane during storage were investigated in a series of experiments

in the United Kingdom and Jamaica, reported in Chapters III and IV. The
results enable valid conclusions to be drawn with respect to Xoch's first

and second postulates.

The differentiation between biodeteriocgens and non-bicdeteriogens
amongst the microorganisms isolated from a materisl is of prime importance
in etiology. This problem can only be resolved by tests which aatisfy
Koch's third postulate. It was not considered feasible to screen large
numbers of microorganisms by the inoculation of pure cultures into

aseptically-harvested cane, due to the inadequate supply of cane at the

Research Centre.  Instead, a preliminary screening test was devised which
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determined the ability of pure cultures to reproduce the effects of sour
cane when inoculated into a sterile synthetic cane Juice. A few selected

isolates were subsequently tested in cane stalks.

B. EXPERTMENTAL

1. Koch's 1st and 2nd Postulates

The results of experiments in Chapters III and IV show that

Leuconostoc mesenteroides is the predominant organism in stored cane, and

that its growth is associated with loss of sucrose, drop in pH, increase
in reducing sugars, formation of gum and dextran, and increase in Jjuice
viscosity. These changes occur more rapidly in heavily infected cane

than in lightly-infected cane. It is concluded that L. mesenteroides

gatisfies Koch's 1lst and 2nd postulates with regard to its establishment
as a causzal organism of sour cane.

However, it was also observed that on extended storage other micro-
organisms may attain a high population and therefore may contribute to
deterioration, e.g, lactobacilli, yeasts, and catalase positive, Gram-
negative, rod-shaped, aciduric bacteria.

2 Screening of microorganisms isolated from cszne juice for deteriogenic

power in a svnthetic cane juice,

A synthetic medium was formulated in an attempt to obtain a defined,

reproduceable, imitation of natural, fresh, cane juice. Its composition
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was based on analyses of cane juice vublished by Spencer
and unpublished data from Frome Hstate:-
Synthetic Cane Juice Medium (3CJ)

SLIi

Sucrose 156.0

Dextrose 14.0

7] 5
KHZPO4 1.5
i \ 1 2
MgSO4.7H20 0.5
CaSO4 0.5
Soluble starch 1.0

Tryptone (Bacto) 5
Yeast extract (Difco} 5.0
Digtilled water to 1
nH 5.4
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The medium was distributed in 50 ml. amounts in 100 ml. rimless conical
flasks fitted with sluminium caps, and sterilised by auvtoclaving for 10

ninvtes at 10 p.s.i,
Stock cultures of microcrganisms were grown in appropriate liquid

media for 24 - 48 hours and 0.1 ml. volumes were incouliated into flasks

o - . . , a _ 0 + 0y ...
f 5CJ mediun. The flasks were incubated for 5 days at 30 C (= 27) with

O

occaslonal hand shsking.
After incubation the cultures were centrifuged for 6 minutes at

3,000 RPM and the supernatants anslysed for the principal symptonms

exhibited in sour cane juice:-

acid pnroduction -~ ©oH was determined by pH meter
inversion of sucroge - reducing sugars were determined by = modifiec—

ation of the EDTA titrimetric method of
Knight & Allen (1960}, deseribed in Chavter II.

'cun' formation -  'zum! was determined by the method of Bruijn

(1966a), and viscosity by the Ostwsld's
viscometer method described in Chapter II.
Sterile controls were included in each test.
The ability of an organism to reproduce the symptoms of sour cane

juice was expressed by its 'deteriogenic power'.

The classification scheme adopted is shown below

Classification of cidity Inversion Gum *
Deteriogenic power ) : »
pH % R.3. + % Gums % Gum Viscosits
(cP at 25°¢)
0 - Hone > 5,2 < 2.6 < 0.33 1,70
1 - deak 4.5 - 5.2 2.6 - 5.0 0.33 - 0.50 1.70 - 2.00
2 - MOdeI‘a‘te 3.5 - 4-4—5 5-05 - 7~5 O' 1.- l.OO ?-lo - 594—0
%3 - Strong < 3.5 > 7.5 -~ 1.00 = 3,40

4

(*Classification of 'gum' is based on the highest results of either

’

e . . \
% oum or viscosity).

LY
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13 sterile contrcl juices:-
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et onrom ani @

Hean 5.40 1.80 0.25 1.630
Maximam 5.70 2.25 0.3 1.700
Hininum 5.25 1.10 0.14 1.550

During 1966-1968 the biodeterioration of imported, stored, harvested

cane was studied at the Research Centre in a series of experimenta coded

ta' to '3 (Chaﬂter II). More than 300 representative microorganisms

4

4

were isolated from these samples on various selective media, and
maintained in a stock culture collection. They were classified in groups
down to genus level, and many were identified to species level (Chapter IV).

215 of these isolates were screened for 'deteriogenic power' in 30J medium:-

Groupn of microorganisms No, of isolates tested Results in Table
Leuccnostoc speciles 42 V,i.
Lactobacillug snecies 34 V,2.

Catalgse-positive, Gram-negative,

aciduric rods 52 V,5.
Bacillus species 22 V,4.
Coliform bacteria 9 Vy4.
Actinomycetes 3 V,4.
Yeasts 53 v,5.

The results of these tests are summarised in Table V,6.

Moulds were not tested because they are generally present in amall
numbers in stored cane, coupled with their relatively slow growth rate
and obligately aerobic growth requirement,

The characteristic pattern of 'detericgenic power' of Leuconostoc

mesenteroides and L. dextranicum was moderate acidity, weak tc strong

inversion, and moderate to strong gum formation; the viscosity of several
isolates was too high to be tested in an Ostwald viscometer. It was
can

ation of cane juice.
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Isolate Sample Screening Test Result Deteriogenic Power
No. source

pH  %R.5. % Gum Viscosity  Acidity Inversion Gum

G6 b 3,65 2.50 0,380 2.501 2 1 2
a7 b 3,80 4.85 1.220 3.527 2 2 3
G8 b %.70  2.50 0.700 2.256 ) 1 2
GS b 3.70 3,75 0.700 2.3%65 2 1 2
G10 b 3.65 3.00 0.760 2.347 2 1 2
G1l1 b 3.75 2.90 0.474 1.872 2 1 1
G12 b 3,65 2,10 0.3%60 1.782 2 0 1
Gl2a b 3.85 2.30 0.260 1.673 2 1 0
G13 b 3.70 4.70 2.086 835.5 2 2 3
Gl4 b 3.75 2.70 0.380 1.963 2 1 1
116 b 3,70 4.20 1.3%4 6.659 2 2 3
L17 b 3.70 2.90 0.474 1.692 2 1 1
118 b 3.7 3.40 0.934 2.57 2 1 2
119 b 3.80 2.55 0.660 2.415 2 1 2
120 b 3.60 6.00 NT 255.2 2 3 z
16b d %.80 7.95 5.540 229.9 2 % 3
624 e 3.65 1.45 0.453 3.039 2 0 2
65a e 4.05 T 1.270 2.389 2 NT 3
68b e 3.50 1.60 0.440 1.816 2 0 1
69a e 3.70 NT  0.800 2.110 2 NT 2
70z e 3.90 1.31 0.600 2.129 2 0 2
Tla e  3.70 1.75 0.527 1.933 2 0 2
71b e 3,50 2,20 0.4%3 1.868 2 1 1
72a e 3.85 >2.00 0.247 2.625 2 1 2
73b e 3.90 5.%5 2.367 30.91 2 3 =
T3e e 3.80 1.70 0.051 2.171 2 0 2
1224 f  3.70 3,60 0.827 2.588 2 1 2
122¢ f 3.50 2.70 0.680 2.627 2 i 2
131 g 3.15 3.40 2.470 1.440 3 2 3
133 g 4.10 1.85 0.430 1.990 2 1 1
152 j 4.10 5,20 4.28 v 2 3 3
153 i 4.10  4.60 4.39 v 2 % 3
155 j 4.10 3.50 3.81 v 2 2 3
l4c da 3.70 2.70 0.813 2.085 2 1 2
17b d 3.90 1.80 0.25% 1.646 2 0 0
66b e 3.60 1.95 0.640 2.300 2 1 2
70b e 3.80 1.70 0.25% 1.67% 2 0 o
156 i 3.95 0.90 1.61 3.215 2 0 3
159 j  3.75 3.00 2.82 16.85 2 2 3
200 i 3.80 2.30 1.14 3.023 2 1 3
T2b e 3.80 1.10 0.247 1.856 2 0 1
154 j  4.10 5.40 4.08 TV 2 3 3

fable V,1. Deteriogenic power of microorgsnisms isolated from cane juice,
estimated by a screening test in 5CJ medium:~ Leuconosioc species

Key to isolates. All isolates are Leuconostoc mesenteroides, except nos.
l4c, 17b, 66b, 70b, 156, 159 & 200 which are L. dextranicum, and 154 which is
an unidentified Leuconostoc species, and 72b which is L. paramesenteroides.

NT : Not Tested

TV : Too viscous to be tested in Ostwald viscometer.
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denti- Sample screening Test Result Deteriogenic Fower

] I
No. fication source i ﬁR 5, Yo Gum V1000>1tv Acid- Inver— Gum
{cP qt?b ¢ ity sion

J5a2 a 3.55 1.70 0.233 1.623 2 0 0
J5bs  L.casel a %.50 2,00 0,300 1.665 2 0 0
64b V. e .35 1.85 0.3%4 1.756 3 0 1
tdc alactosus e 3,30 2.00 0.400 1.815 3 0 1
67b e 3.70 4.85 0.300 2.193 2 2 2
124a f 5.30  9.95 4.866 5.147 5 ) 3
48% & 3.50 5.85 1.493  2.095 2 2 3
50b  L.caseil d 3.50  5.75 1.480 2.396 2 2 3
115b v.casel e %.55 5.50 1.247 2.502 2 2 3
116a e 3.50 2.50 0.427 1.772 2 1 1
116D e 3,30  6.00 1.874 2.428 5 5 _ 2
T1(1) a 5.45 1.85 0.207 1.624 7 0 0
TI(2) a %.95 1.20 0.213 1.622 2 0 0
Lbs b 3,80 10.40 0.287 5.673 2 3 3
Ta d %.50 2.20 0,200 1.615 2 0 0
12a d 3.50 1.76 0.220 1.60% 2 0 0
12b L. d 3.60 2.50 0.280 1.59% 2 1 0
S54a plantarun 4 5,50 1.65 0.227 1.634 2 0 0
634 e 5e35 1.25 0.380 1.67% o 0 1
6%b e 5.35 1.40 0.180 1.632 3 0 0
T3a e 5.60 0.57 0.787 1.691 2 0 2
T4 e 4.30 1.40 0.267 1.626 2 0 0
1738 g 3,50  1.55 0.260 1.600 2 0 0
139 g %.65 2.00 0.270 1.6%0 2 0 0
140 g %.55 1.10 0.270 1.650 2 0 0
141 g 545 2.30 0.330 1.640 b 1 1
65b L. e 4,15 2.80 1.367 4.583 2 1 3
68a  nov.spec. e 3.80 NT  1.160 2.105 2 " 3
69h Group I e 4.15 2.70 1.0%3 3.147 2 1 3
12%a f 4.15 %.30 1.660 5.145 2 i 3
62b e 3.70 1.40 0.440 1.715 2 0 i
66g Unident— e 4.10 NT 1.720 4,693 2 NT 3
67a  ified e 3.70 NT 0.787 2.057 2 NT 2
134 g 3,90 2.95 0.310 1.770 2 1 1
Table V,2. Deteriogenic power of microorganisms isoclated from cane

Juice, estimated by a screening test in SCJ medium:-

Lactobgcillus species

{924

NT : Hot Tested
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Group Isolate lample Screening Test Result Deteriogenic Power
Ho. source vpH  %R.3. % Gum Viscosity  Acid- Inver— Gun
(cP at25°C) ity  sion
I 30 e 5.35 0.54 0.213% L.744 ¢ 0 1
117a e 5020 2.05 0.167 L.517 1 0 0
ila JC435b a 4,10 0.00 0.220 1.53% 2 0 0
Misc. Ll2 b 4.50  C.45 0.327 2,197 1 0 2
13D a 4.75 1.10 0.220 5.650 1 0 3
27¢c d 4,20  1.,30 0,280 1.7742 2 0 1
3le d 4.10 2.50 0.215 1.675 2 1 0
%2b d 4.75 3,40 0.213 1.530 1 1 0
T4a e 4.30 0.00 0.340 1.7744 2 0 1
744 e 4,20  0.90 0.280 1.643% 2 C 0
b e 4,30 0.10 0.260 1.691 2 0 G
T6c e 4.90 0.54 0.240 1.750 1 O 1
7 e 4.40 0.00 0,247 1.780 2 0 1
78b e 4.15 1.20 0.207 1.655 2 0 0
78c e 4,05 2.00 0.233 2.140 2 0 2
79b e 4.05 0.90 0.293 1.667 2 0 0
8la e 4.05  0.53 0.307 1.733 2 0 1
83b e 4.40 1.55 0.207 1.583 2 0 0
84a e 4.0 0,95 0.173 1.556 2 0 0
118a e 4.20 1.40 0.207 1,563 2 0] 0
118b e 4..05 1.55 0.180 1.515 2 0 0
1%6 & 4,20  4.75 0.210 2.510 2 1 2
ITbv 142 ¥ 4,35 0.00 0.597 1.739 2 0 2
crean, 147 i 4.35 1.00 0.548 1.652 2 0 2
mucoid 148 i 4.30 0.20 0.63%0 1.915 2 0 2
149 i 4.30 0.90 0.476 1.805 2 0 1
180 3 4.30 1.50 0.646 1.939 2 0 2
183 3 4,50 1.20 # 1.774 1 HT 1
184 J 4.35 0.20 0.477 1.689 2 1
185 J 4.%50  0.40 0.586 2.065 2 O 2
Ilc i) J 4.75  0.40 0.599 2.884 1 0 2
yellow 178 J 4,80 1.00 0.615 2.784 1 0 2
mucoid 179 J 4.80 0.00 0.516 3.042 1 0 2
111 J4 a 3.30 2.00 0.233 1.689 3 0 G
28D d 3.60 1.80 0.253 1.57L 2 0 0
29a d 3.75 1.95 0.260 1.659 2 0 0
30 d 3.35 2,05 0,213 1.693 3 0 0
3la d 3.35 1.30 0.287 1.586 % 0 0
31b d 3.50  9.85 0.233 2.178 2 3 2
31le d 3.30  1.50 0.260 1.553 3 0 0
31d d 3.20 6,75 0.253 1.746 3 2 1
52 d 3.75 1.55 0.207 1.539 2 0 0
T4e e 3.55 5.70 0,207 2.998 2 1 2
75c¢ e 3.75 1.05 0.247 1.638 2 0 0
T8a e 3.15  4.45 0.253 1.681 3 1 0
1170v e 3.55 1.25 0.200 1.512 2 0 0
v 27a d 2.90 9.65 0.220 2.251 3 3 2
T5a e 2.70 =2.00 0.307 2.814 3 1 2
76a e 2.85 5.40 0.213 %.1%6 3 2 2
19a e 2.80 1.40 0.307 1.850 3 0 1
82a e 2.90 >»2,00 0.297 2.607 5 1 2
3824 e 2.95 2.50 0,220 1.588 3 1 0

Table V,35. Deteriogenic power of microorganisms isolated fron cane juice,
estimated by a screening test in SCJ medium:~ catalase vpositive,
Gram-negative, acid-tolerant rod-shaped bacteria.

Group No. I Final pH in SCJ medium  35.00

11 " 4,05 - 5.00
11T " 3.00 - 4.00
Iv " €3.00

N » WNot Tected



Isolate Identi- Sample Screaning Test Result Detericgenic Power

Ho. fication source pH  %R.5. % Gum Viscosigy‘ Acid~ Inver— Gun
(cP at25¢) ity sion

Bacillus

species
T5Fa B. a 4.90 4.85 0,213 1,670 1 2 0
B3 megaterium b 4.80  4.45 0.247 1.65] L 1 0
Bl B.pumilus b 4,70 1.50 0.187 1.582 3 O 0
B5 b 4.75 1.70 0.313 1.560 1 O 0
B3 b 5.25 1.05 0.240 1.547 0 0 0
Bl12 b 4.70 1.65 0.240 1.604 1 0 0
HMB a 5.80 8.15 0.149 2.545 0 3 2
5 a 5.70 ~10.0 0.153 2.560 ¢ 5 2
B7 B.subtilis b 4.90 7.05 0,320 2.429 1 2 2
22b d 4.90 4.85 0.264 1,774 1 2 1
23a, d 4.°75 1.40 0,187 1.545 1 0 0
114b e 5.90  7.90 0.247 1.594 0 3 0
20a d 5.00 3.55 0.287 1.714 1 1 1
24a d 5.95 1.65 0.23%3 1.566 2 0 0
254 d 5.80 8,70 0.191 2.005 0 3 2
56 Unident- d 6.80 1.80 0.347 1.583 0 0 1
572 ified a 4.65 1.40 0.287 1.579 1 0 0
111 e 4.90 4.15 0.220 1.65% 1 1 0
112 e 4.75 1.40 0,227 1.632 1 0 0
113 e 4.70 1.10 0.320 1.577 1 0 ¢
114s e 5.05 4,25 0.200 1.681 1 1 0
121v e 5.00 0.75 0.290 1.61¢€ 1 0 O
Coliform
bacteria
la Aerobacter
aerogenes I ¢ 4.15 0.80 0Q.260 1.601 2 0 0
19a d 4.35 1.%5 0.300 1.663 2 0 0
19b d 3.90 1.55 0.233 1.597 2 0 0
55a Unident- d 4.55 0.00 0.263 1.591 1 e} 0
108a ified e 4,15 4.15 0.313 1.546 2 1 0
108b e 4.35 1.70 0.226 1.598 2 0 0
109 e 4.45 1.10 0.350 1.640 2 0 1
110 e 4.15 2.00 0.371 1.990 2 0 1
125 g 4.35 0.65 0,290 1.800 2 0 1
Actinomycetes
28a Unident- d 5.50 1.90 NT HT 0 0 WT
29c¢ ified d 5.55 0.00 NT UMK 0 0 NT
32a d 5.50 1.40 HT NT 0 0 NT
Table V,4. Deteriogenic power of microorganisms isolated from cane

julce, estimated by a screening test in SCJ medium:-

Bacillus species; coliform bacteria and actinomycetes.

NT : Not Tested
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Izolate Identi- cample ocreening Test Result Leteriogenic Power
lio. ficetion source "Eﬁi TR, Viscosity Acidity Inversion
{cP at25°C) -
87d Candida e 4.05 5.95 o 2 2
pseudo-
trovicalis
102 c. o 4.15 9.00 Wi 2 3
103  tropicalis e 5,05 9,65 1.504 2 3
95 Torulopsis e 4.20 8.65 HT 2 3
105 dattila e 4.15 4.00 NT 2 1
107 e 4,10 4,75 HT 2 2
85a T.etchellsii e 4.25 9.35 W 2 3
%%a  T.holmii d 4,50 >10.0 NT 1 3
39 d 4.%0 =>10.0 Nt 2 5
40a d 4.40 >10.0 NT 2 3
48d d 4.10 4,60 NT 2 1
61b d 4.20 >10.0 N7 2 5
45d T.sake d 4.25 >10.0 T 2 3
60a d 4.25 >10.0 RN 2 5
4%a T.stellata d 4.40  710.0 NT 2 5
92 e 4.40 6.50 NT 2 2
100 e 4.00 8.15 NT 2 3
104 e 4.40 710.0 NT 2 b
106 e 4.25 6.45 NT 2 2
44 1. d 4.10 6.60 NT 2 2
96 versatilis e 4.30  710,0 N 2 3
34a d 530 1.40 qar 0 0
36a ol 4.45 0.65 T 2 0
58a d 4.30 1.70 HT 2 0
45¢ d 5.40 1.70 HT 0 0
47a d 4.50 0.80 HT 1 0
86b e 4.30 0.20 NT 2 G
87a e 5.20 1.85 NT 1 0
88b Unidentif- e 4,65 0.00 NT 1 0
8%a. 1ied, e 4.85 0.75 NT 1 0
90d isolated e 4.55 0.75 NT 1 0
49 from wort d 3.95 2.80 nT 2 1
35a agar d 4,25 0.35 NT 2 0
87c e 4,60 1.10 NT 1 6]
e e 4..30 1.05 T 2 0
91 e 4,10 0.75 NT 2 0
93 e 4.30 0.90 NT 2 0
94 e 4.45 0.75 T 2 0
119a e 5420 2.25 NT 1 0
120b e 4.%5 1.35 ur 2 0
129 g 4.30 0.80 T 2 o
130 g 4,25 =>10.0 HT 2 3
155 2 4.35 0.00 NT 2 0
41a  Unidentif- d 4.35 0.00 NT 2 0
42a 1ied, d 4.30 0.30 1.457 2 0
58a isolated d 4.65 0.00 NT 1 0
59a from d 4.60 0.50 1.550 1 0
g7 osmophilic e 4.30 0.00 1.420 2 0
98b agar e 4.50 0.380 N 2 0
99 e 4.25 1.25 NT 2 0
101a e 4.70 0.00 NT 1 0
101b e 4.30 1.70 1.413 2 ¢)
128 o 4,40 1.85 HT 2 0
Table V,5, Deteriogenic power of microorganisms isolated from cane juice,
estimated by a screening test in 3CJ medium:~ Yeasts
NT : Not Tested
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Organism

No.
Iso~-
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Number of Isolates Giving Stated Result

Acidity¥
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Leuconostoc species
L. mesenteroides
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C. tropicalis/
pseudotropicalis

T. dattila

T. etchellsii

T. holmii

T. sake

T. stellats

T. versatilis

NN U W W

Unidentified,mesophilic 22
Unidentified,osmophilic 10

O COOCO0OOo

—
ST W NN P WA

W3 OOO~OOO
o oNoNoRoNoNONON®)
N
oNoNoNoNoNoNoNeoRe!
O OOO+HONO
SO H~HMNOOO O
O W NP

=

Table V,6,

Deteriogenic power of microorganisms isclated from cane

juice, estimated by a screening test in SCJ medium:-

Summary of results

* Key to classification of 'detericeenic nower!

W= O

none
weak
moderate
strong
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Cf the lactobacilli, the most common homofermentative isolates were

Lactobscillus caseli and L. plantarum. In general these produced moderate

to strong acidity, 1ittle or no inversion, and little or no gum formstion.

However, L. casei v. casei isolates produced moderate inversion and strong

gun formation. Isolzates of a vproposed new heterofermentative species of

Lactobacillus* where characterised by strong sum formstion. it wes

concluded that lactobacilli may contribute to significant deterioration of
cane juice when they attain high vopulations in ceane stored for long periods.
Hany bacteria in stored cane were isolated on glucose veast—extract
agar at pH 4.8. Although heterogeneous they vrossessed several common
properties, e.g. catslase-positive, Gram-negative, rod-shaved, sciduric.
Little attenpt was made to identify these organisms. They were often
prezent in relstively high numbers in juice from Ffresh cane. but increased
only slowly during storage. They probably originated from the soil and the

epiphytic flora of the cane plant. This group was srbitrarily classified

09

into 4 sub-groups on the basis of the final pH observed in 5CJ ecultures.

Qe.pong..o 1 o wealc o 2 - noderste = % o stfrang

Group Il were the most common isolates; these were further sub-divided
into Group IIa, miscellaneous; Group IIb, creamy, mucoid colonies; and
Group IIc, with yellow mucoid colonies. Grouvs IIb and IIc were identified

as Bnterobacter species. The characteristic deteriogenic vower of Group 1T

isolates was weak to moderate acidity, no inversion, =nd varisble 2

formation. The Enterobacter species mainly vroduced moderate gum formation,
but in Group IIa the majority showed little or no guin formation. GroupIIl
produced moderate to strong acidity, little or no inversion, =nd litt
no cum formation. Group IV isolates were chorscterised by strong acidity,
weak to moderate inversion, and moderate gum formation. It was concluded
that these organisms are not normally of sreat significance in sour cane,
because loss of sucrose by inversion is slight, ~»nd the nurbers do not
reach very high levels; gum formation. however, might be significant

during extended storage of cane.

# lot yet named - see Chupter IV
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5

The Baecillug isolates in general did not show significant deteriogenie

- - . . = B - =)
cower, excert B, subtilis which caused moderate to strons inversion and
some gun formgtion. These organisms, however, were not isolated in high

moderate acidity, they did not cause inversion; a few formed wealk amounts

of sun. These organisms do not appear to be sigpificant in sour cane,

contrary to the suczestions of Duncan & Colmer (1964) and

cecunts sometimes observed in fresh canc juice.

A

mycetes showed very weak growth in 5CJ

The threo

Viscoslty and pum content were not senerally

isolates as it wao considered that loss of sucrose by inversion would be
. 2. k. e T4 4 3 — PR N r)'* o R I 3 [
their main contribution to spoilasze. About 2/5 of the veast isolates
inverted sucrose with the conseaquent formation of larpe anounts of
reducing sugars. These isolates were identified and found to be pre-
dominantly Torulopsis species. Nearly all the yeasts produced moderate

acidity. It was concluded that many yeasts of the genus Torulonsis may
cause significant inversion of sucrose in cane after extended storage,
when they often reach high numbers.

3. The growth of mixed cultures of deteriogenic microorganisms in SCJT

medium:

mvidence from storage experiments (Chapter ITI) shows that Leuconostoc

mesenteroides can multiply rapidly inside cut cane, reaching nmavimum counts

of 108 - lOg/ml. juice after 2 - 4 day's storage, and then dies out slowly.
Counts of other organisms, such as lactobacilli, Gram-negative aciduric
rods, and yeasts increase more slowly but can reach high counts in 5 - 10
days. The preceeding experiment shows that each of these tyves of
organism may produce symptoms of deterioration when grown in synthetic

-~

cane Juice. A comparison was made between the growth of these organisms
in mixed culture in 5CJ medium and observations on their relotive growth

in naturally infected, harvested cane.




power; a typical representative of each major deteriogenic groun was

crnosans -

Isolate ___Deteriozenic Power
t

Deteriogenic group Ho. Acidity Inversion Gun
_ieuconostoc snecies - L.mesenteroides  122a 2 1 2
Lactobacillus species — L.plantarum 12v 2 1 O
liesophilic yeast - Torulopsis holmii 61b 2 3 NT
Gram-negative,aciduric rod (Group IIa)  83%b 2 0

gach organism was growa in a suitable liguid medium for 24 hours
o)
at 30°C.
Cultures were then diluted in sterile Ringer solution to give

; , 5 ]
haemocytometer counts of ca. 107 cells/ml.

terile 3CJ

0

0.5 ml. each culture wag inoculated into separate 50 ml.
medium, and one flask was inoculated with all four organisms, to give
. s . - , - bY; - .
theoretical initial counts of ca. 107 /ml. The flasks were incubated st

e

e O . . . . - C
50 °C with occasional hand shaking. Viable plate counts were determined
initiglly and after 1, 2 and 5 days incubation. selective media were

used to count each type of organism, by methods described in Chanter II:-

Leuconostoc & Lactobacillus - Rogosa ager + Nystatin

a 1}

83b - GYE agar, pH 4.8, + Nystatin and Actinomycin
L. holmii - wort agar + Aureomycin

Differential counts of Leuconostoc and Lactobscillus from the mixed

culture were obtained by the technigue of MHundt & Hammer (1966‘. 30
colonies on a plate of Rogosa agar were picked off at random and inoculated
into Rogosa 5L broths with and without 7% ethanol; the broths were

. . o S e .
incubated for five days at 30 °C and examined for growth indicated by

turbidity. L. mesenteroides 122a did not grow in the presence of s

ethanol, whilst Lactobacillus plantsrum 12b did grow.

The results are summarised in Table V,7 and Figure V,1.




Count per ml.
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Incubation time in days

FIG, V,1 Grgwth of 4 microorganisms in mixed culture
: in synthetic cane juice

Key O—0O  Leuconostoc mesenteroides 122a

©——O@ Torulopsis holmii 61b
X—X  Lactobacillus plantarum 12b
O——-~_0 8%

Brackets around a point indicate its approximate position.



Treatment Organism Count ner nl, at stated storase time (davs)
0 1 2 o)
z 1 2 =
fure L. mesentercides 6.9 x 107 ?’l()"'l 6.0 x 107 < 167
cultures ' ) . 3 , .
o . « Lact. pnlantarum 1.5 x 107 >'1010 L2 x 107 Hal X LUJ
{separate) 3 7 8 10
T. holmii 5.6 = 10 5.3 ¥ 10 1.1 x 10 1.5 x 107
- : 6 6 . A9
83b < 10" 6.0 x 10° 4.4 = 10° 1.0 x 107
e .. 3 - 8 .
Iiixed L, mesenteroides 6.9 x 10° 1.8 x 109 6.7 » 10° ‘<LO7
cultu % 6 _Q
YT Lact. plantarum 1.5 x 107 6.9 % 10 107 2.7 x 10
.. 5 . 6 6 9
T. holmii 4.7 x 10 %.0 x 10 9.8 x 10 1.0 x 10
= . 1 2 ﬁ o G 5
83b < 10 < 10 3.0 x 10 2.0 x 10
Table V,7. Growth of four microorgsnisms in SCJ medium in separate
and mixed culture. (Counts are mean of duplicate plates)

In separate culture, L. mesenteroides and Lactobscillus plantarum

grew most rapidly and attained maximum counts within one day. L. mesenter-
oideg then died out slowly and after five day's storage only low numbers

were viable; 1in contrast, L. plantarum counts remained nigh. The

pH was 3.5 - 3.6 in both cultures; L. mesentercides therefore apnezred to

0

be more acid sencitive than L. plantarum. The yveast T. holmii increased

slowly in numbers and reached its maximum count at five days. Isolate

835b was inoculated in very low numbers, but grew slowly to reach a

maximum count after five days; this count was less than that of the yeast.
In mixed culture a2ll isolates grew more slowly and maximum counts

were lower than in separate culture. L. mesenteroides grew most rapidly,

reached a maximum count at one day and then slowly died out. The growth

of L. plantarum was markedly retarded in comparison with its pure culture;

its growth rate was almost identical to that of the yeast, T. holmii.
Both organisms attained a similar mavimum count after five day's storage.
The bacterium 83b did not grow well even after five day's storage, but its
low initial inoculum may have hindered its ability to survive comvetition.
The final oH was 3.50.

The results of this pure culture study agree closely with observations
on the microbial flora of harvested cane during storage. There avpears to

be a natural succession of microorganisms in cane juice. Leuconostoc
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mesenterdides establishes iteelf very rapidly and reaches high counts

within 1 - 2 days, but as the pH falls it dies out and the more acid-

tolerant organiems such as lactobacilli and yeasts become predominant

after 4 - 5 day's storage. bignificant conclusions could not be made
for zciduric, Gram-nerative catalase positive rods The etioclogical

ignificance of these results is that L. mesenteroides is probably the

main cause of sour cane in short to medium storage periods, tut on
extended storsge other organisms such as lactobacilli and yeasts may

become significant.

4. Koch's third vpogtulste The effect of pure cultures of L.mesenferoides

on ageptically harvested suzarcane

Conclusive proof that L. mesenteroides is the causctive organism of

sour cene reguires that Koch's third postulzste is satisfied; i.e.
inoculotion of harvested cane with pure cultures of the organism must
reproduce symptoms of sour cane. Severzl attemnts were made to verify
this using sugarcane grown in a greenhouse at the Research Centre

In these experiments, ll-month cld caone growan in nots was used, but

its Brix and sucrose content were low and only a few stalks were available.

H
5

stalks were swabbed and flamed with methylated spirit, then ‘hsrvested!
aseptically and cut into 15 inch lengths with fleme-sterilised shears.

the cane wos

The cut ends were sealed in sterile polythene bags an

6]

handled with sterile tongs.

The test organisms were strains of L. mesenteroides isolated from sour

cane:—- L20 mz l) Ll6 (Expt.?); 172 (Expt.S}. 24 hour wWRS broth
cultures were diluted in Ringer solution and checlted by hoemocytometer to

. . - 2 (et = z ; .
give an inoculum of ca. 107 cells per ml. (Expt.i), 107 and 10 cells per

> - Co 10 - /
ml. (Bxpt.3), or used undiluted at ca. 107 cells per ml. (Hxnt.2). The
actusl inoculum level was checked by plate counts on S14. Test stalks

were inoculated by dipping the cut ends in 10 ml. inoculum in o sterile

dish; sterile control stalks were dipped in sterile Ringer solution;

the contact time was five minutes.

After inoculation the ends were revnloced in bacs and the sislks were
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, O, . . R
otored ot J0°C and R.H. 91w in o glass tank conteining ssturated X0,

>
solution. Control and test stalks were removed Tor znalysis after three
[+ . \ - — /. ) Y e N o + . -
deys (Bxot.l), 5 and 7 days (dxpt.2) and 3 and 6 daye (Sxpt.3). fhe stalls

)

were crushed asseptically in a sterilised 2-roller, hand mill; the
extracted juice was examined for Levconostoc count on 3TA ngar, vH,
refrsctive brix, reducing sugsars and sucrose content, sum and dextran
content, and viscosity by methods described in Chavter II.

The results are summsrised in Table V,8.

,. -

In Experiment 1, stalk 'D' was successfuily infected with Leuconogtoc,

but stalk 'C' wss not. Both the contrnl stalks 'A' and 'B' and stalk 'C!

Leuconostoc whilst the 'sterile' controls were not, although stali 'I' was
hesvily infected with other organisms. ifter 5 day's storage, 'G' showed

a hizher dexztran content and specific viscosity than the contrel, but ~um
2 i v b O

content and pH did not differ significantly. The Leuccnostoc count of 'Gt
£ -

———— crprtrate -

was low, but it may have been due to death of the orgenisme after reachiag
an earlier maximum count. At 7 days Leuconostoc counts were higher than

at 5 days, but juice analyses did not differ gignificantly between tests
and the control.

Hxperinent 3 was unsuccessful because juice volumes were

permit analysis. However, the ftest stalks were successfully infected
with Leuconostoc (except stalk '0U') 2t both inoculun levels. The controls
were again free of Leuccnostoc but heavily contaminasted with other organisms

Leuconostoc counts were higher at 6 days than after 3 days storage, but

4

no significant differences in nH were detec

g-..-

20 .

These experiments failed to demonstrate that L. mesenteroides is able

to cause sour cane, but this may have been due to various undesirable
features of the technique. Pirstly, the cane was atypical and immature

with a low Brix and sucrose content; Jjuice volumes were teoo 1oy to vernit

o

adequate analysis in some instances. Secondly, desvite carerul asentic
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were often infected heavily with other

wnigue, the 'sterile' controls
The princinpal con~-

tect
orsaniens O have caused deterioration.
s Finally, infection

-Ar to interobacter =pecie

taminants were usually simil
ith Leuconostoc was not reorcduceable, since several

meared to be necessary to

212 A

e test stalks w

A large inoculum
Leuconostoc in the stored cune

suarantee infection, and final counts of

were often lower than thoce observed 'in vivo!'.
bxperiment 3 was repeated at a later date using mature cane. The
-

results are chown in Table V,9.
The initial controls, Y and 4, showed no Leuconostoc count, dextran or
cpecific viscosity, but contamination and cross~infection of the controls

S was

After 6 days storage this was

with Leuconocstoc occurred during storage.
for G and H.

~
H

clearly revealed in the results
Leuconostoc counts avpeared to be influenced by the inoculum level

~ .
Iinal

SEMCONOSL0C
higher counts were consistently obtained with the lar&sr inoculum

since ]
e successfully infected, and

.6 .
(107/m1.). All the test stalks were s
counts were élidhtly higher than those observed under 'in vivo!'

=

conditione.

significant increases in dextran content and viscosity were observed
in stalk ¥ after 3 days and in X at 6 days storage. Stalk L showed » high

dextran content but no significant change in viscosity.

Gum content and pH did not differ significantly between tests and

Inversion was significant in samples I and XK.

controls.
It was concluded from this experiment that inoculastion of harvested

alks,

cane with L.mesenteroides can cause several of the symptoms of sour cane.
3, and no

However, the results were not reproduceable in duplicate st
Cross-infection of controls

single stalk displayed all the symptonms.
The variable results may be due

reduced the significance of the results.
lack of adequate revlication,

stalks. Future

i

to the artificial nature of the experiment, the
£ individual

a significant

and large differences between the properties o
field with

should utilise cane grown naturally in the
prevention

work
number of replicates at each treatment, but the

the controls remains a difficult problem.
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The results do not fully satisfy Koch's third postulate but the
evidence of this preliminary experiment sug

ggests that L.mesenteroides
could be responsible for increase in the dextran content of sour cane.




C.

L, The remlts of sforage experiments on harvested cone, renorted in
Chapters II1 and IV, setiafy the etioloricsl princinies of Yoch's first

and second postulates for the establizhment of Leuconostoc mesenteroides

as a vrincipal causative microorganism of sour cenc. Other microorzeonisms
such as loctobacilli, yeasts, 2nd sciduric Gram-neontive rods mav =lzo

contribute to detericraticn of cut cane stored for long periods.

[N

from

jon

2. 215 microorgsnisms of different srounc were isol-ted

[

eteriorating
cane and screened for their ability to produce the symptoms of sour cene

when inoculated into o sterile, synthetic cazne iuice. All isolntes of

Leuconostoc mesenteroides and L, dextranicum were strongly deteriogenic.

some strains of lactobzeilli, especizlly Loctobacillus casei v. casel ond
o proposed new heterofermentstive snecies,* caused inversion -nd ~um
'porm':‘t' T3 o‘t 7 e l;n't ct n —_T t' - 'd Eah] do 13 A + ahos

f ation. Host isolates of Gram-negantive aciduric rods did not show

cignificant deterioration, but Enterobacter species and a

isolates were able to cause inversion and moderate gum formation. Amongst

the genus Bacillus, only B. subtilis exhibited deteriogenic nower; +this

[

pecigs showed inversion and gum formation.

&}

detected in large numbers in stored cane it was
significant. Avproximately 2/5 of the veast isolates caused inversion of

sucrose and a low pH; most of these belonged to the gsenus Torulonsis
z 4 e —————— et

Coliform bacteria and asctinomycetes were net deteriogenic.
3. Vhen a mixed culture containing equal numbers of Leuconostoc mesenter—
oides, Lactobacillus vlantarum, Torulopsis holmii and the Gran-nesative,

aciduric, catalase positive, rod-shaped icolate 83b were inoculated into
sterile synthetic cane Jjuice, a microbial succession was observed.

L. mesenteroides grew most rapidly and reached a maximum count within one

day's incubation; 1t then died out slowly as the »l decreased. L. nlantsrunm

and T. holmii grew more slowly at approximately equal rates and reached a

* Not yet named
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high marimum count after 5 doy's incubstion. 8%b did not comnele success—

TV Tt S e s s . -
Tully, but its initial inoculum was very small.

observations on the microbisl succea:

sion in

cane during storage.

concluded wat L. mesenteroides

sour cane in ghort to mediuvm storage neriods, but on extended

storasge lactobacilli and veasts may become significant.

4, Inoculation of pure cultures of L. mesentercides into otal

aseptically harvested cane did not reproduce all the symptoms of sour cane,

but this may have been due 1o difficulties in the exverimental technigue

which could not he eradicated. However, significant increases in dextran
content were associgted with Leuconostoc growth in some stgllis. It was

concluded that L. mesenteroides did not fully satisfy the requirements

stated in Koch's third postulate.

5. The overall etiological evidence sugrests that Leuconostoc mesentercides

and L. dextranicum are the principle microorganisms responsible for souring

of harvested cane. These organisms usually predominate in Jjuice extracted
from harvested cane stored for periods up to 5 days, and they can reproduce

the symptoms of sour cane when inoculated into sterils, synthetic, cane

Juice. However, inoculation of L. mesenteroides into aseptically

harvested cane did not reproduce all the symptoms of sour cane as stipulated

in Koch's third postulate Therefore it is not conclusively nroven that

L. mesenteroides is the main cause of gour cane.
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CHAPTER VI THE TIHIFECTICN PROCESS 4D #COLCGY

OF LuUCONOSTOC WMESENTEROTDES

A. INTRODUCTION

ey sy - - 7] 2 A - - - H H 2 -
Bxverimental evidence suggests that Leuconostoc mosenteroides is the

princinal deteriogen in souring of cane. In order to devise aporonTia
control measures, information was courht on the ecoloszy of this organisnm,
and the infection process,

terature shows that L. mesenteroides is gecgraphically widespread

_.L-

The 11

but its substrates appear to be narrowly defined. It is freguently
isolated from natural or man-made foods which contain large smounts of
fermentable carbohydrate under conditions of acid pH and reduced oxyszen
tension, e¢.g. dairy products, especially mill, cheese and starter cultures
(Garvie, 1960); vlant materials and vegmetables (Mundt & Hammer, 1966):
Tfermenting vegatables and canned tomatoes (Hucker & Pederson, 1930);

crass and silage (Whittenbury, 1966), and slcoholic beverages such as cider
(Carr and Whiting, 1970). However, its most frequently reported habitat
is probably in cane and beet sugar factories, where its ability to form
dextran gels or "frogspawn" attracts much gttention.

The Tirst microbiological study of siime formation in a sugar (beet}

e

factory was probably that of Cienkowski (1878), who named the causative

organism Ascococcus mesenteroides. Van Tieghem (1878) studied the sane

organism and re-named it Leuconostoc mesenteroides. Since then, ther

have been numerous reports of the occurrence of this organism in sugar
factories, adequately reviewed by Thaysen and Gallowsy (1930}; Hucker
and Pederson (1942); TFaville (1947) and Owen (1949); However, none of
these investigators studied the primary sources of infection of

L. mesenteroides.

1. Primary sources of infection

Tt was suggested by Boekhout (1900) and Velich (1903) that L. mesenter—

ides enters raw juices from the soil in which’according to Stoklasa and

Vitek (1904), they have their matural habitat (cited by Thaysen and Galloway
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1820,. Wolzogen Kithr (1923) demonstrated that sugarcane possesses a

[..._J

natural epivhytic flora which consists of various saproohytic bacteria,

but L. mesenteroides was not described.

~

ane Tields in Louisisna

]

The microbial flora of sugarcane and soil fron

e

L. mesenteroides was detected in smzll numbers by an enrichment technique
o

on the washings obtained from freshly-harvested stalks. It was not
detected on standing cane in normal or diseased leaves, in leaf sheath water,
or in cane-borer dust. lMayeux concluded that thiz organism only multirplies
rapidly under the conditions met in the extracted juice in the mill.
Samples of soil taken near cut-cane stubble revealed the presence of

Leuconostoc-type colonies after enrichment; the highest counts were

obtained at a distance of 18 inches. Copious slime formation on stubble

in wet weather was found to be due to A. serogenes rather than the expected

L. mesentercides.

L. mesenteroides was isolated from 1 in 1,000 dilutions of soil of

Louisiana cane fields by Mayeux & Colmer (1961), by means of = selective
agar medium containing 0.005% sodium azide.
The most recent work is that of Egan (1964; 1965a; 1965¢) in Queens-

land. L. mesenteroides was detected in low numbers on the surface of both

green and burnt standing stalks, but it was not found inside healthy cane
tissue. It was also isolated from soil in a cane field, and from cane
stubble.

In view of the little quantitative information on the occurrence and

distribution of L. mesenteroides in the soil and on the cane plant, it was

decided to investigate these aspects more fully.

2e Secondary sources and vectors of infection

Since L. mesenteroides occurs in the soil of cane fields anda on

standing cane stalks, but not inside the healthy cane tissue, it is necessary
to consider how the organism is transmitted to the cut cane.

It seems probable that infection only occurs when the cane is damaged

in some way that enables organisms to enter the sucrose-contsinine
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parenchyms inside the stalk. In 2 heslthy stallz, thicz does not arise until
harvest when the cut ends are exposed. The most obvious vector of infection

is the cutting inctrument itself, which is probably contaminated with

L. mecenteroides by contact with soil and the exterior of the stalk. The

only publication on this subject is that of Eran (196533 who isolated

L. mesenteroides from the juice-soaked mud of

and from cane tissue at the ends of harvected chopped—up cane within ten
minutes of harvest. He concluded that infection occurred at the instant of

cutting. No studies of

jny

and-cut, whole-stalk cane or the cutter's machetes

nave been made.

The other obvious means of transmission is by direct contact of the cut

cane with ©0il on the ground..

The role of aerial infection by dust particles and insects has not been
estigeted, but dust raised by mechanical harvesters in oneration may be

significant.
Hicholson & Lilienthal (1959) cstulated that reinfgll ccted as a vector
of infection, since sour cane iz usually ohserved late in the season, when

rainfall occurs. They suggested that the cane stalk is frequently contamin-

Ry

ated with L, mesenteroides and, after burning, the cane is gplashed with

Juice from bursting stalks. This infected material is washed down the stallk
by rein and lodges in the leaf axil, in contact with the bud. T™he bua is

corky late in the season and it was demonstrsted by inoculstion experiments

that it is permeable to L. mesenteroides.

4

Owen (1949) suggested that the cone factory itself is 2 umajor secondary
7 OO Y (%} <

source of L. mesenteroides infection. The foctory contezing many places where

dilute sugar s=olutiong accumulote and become heovily infected despite resulor

'~00d housekeeping'. Organisms must be released as airborne dust varticles

an these ligquids dry out. The conctant circulation of cane transnort

between factory and field ensures a regular interchange of microbial flora, and

the vehicles themselves probably contaminate the cut cane in tronsit.
Furthermore, filter-cake mud from the factorv is applied as a fertiliser 1o

newly-planted cane fields, which ensuves o regulsr enrichment of the «oil
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witn orrgnisms adanted to sucrose containine materials.

ine nechanisns of transmission of L.

of infection to the cut care apreared to

al 4y 3 o .
A, Colonisaticn of the host »iant

T4 441 [C O S J— 3 a4 1 N . ST kg [ SR [
Little ig known gbout the mechanigms which enable L. mesentercides to

rapialy colonise the cane tissue after initial contact with the cut end at

harvest. ficholson & Lilienthal (1959) measvred the L. mesenteroides

of whole stalk cane within each node and interncde at various ztorare

up to 14 days after harvest. The cane was initially free of Leuconostoc,
and was infected naturally. The counts inereasad nrogressively with tineg

3 - - B 7 ~ 7 - - ~ N
closest to the cut end after 14 days storase. Boan (19643 1965a3 1965c),
studied the rate of spread and population build-up of L. meserteroides in
mechsnically-harvested, chopped-up cane billets, of average length 14 inches.

The results showed a rapid spread of the organism along

billet, aodea—tapid.soread of fhe organism.slens fhe-lensth of the.hillet,
and a rapid increase in population. Counts of 10~ organismg per £. cahe
tissue were obtained near the cut ends within 51 hours oI harvest.

Hegan vostulated that at the moment of culting, the stalk is compressed
by the chopver-~blades, after which the sudden decompression draws any

available liquid into the stalk, together with microorganisms. Ye suggested

2]

that the initial distribution of the organism within the stalk occurred by

passive transport in the xylem of the vascular bundles, followed by active
extension into the storage tissue (Parenchyma). Some justification for

this theory was obtained by observations on the movement of water-soluble
dyes in the xylem after application of the dye to the freshly-cut ends.

Colour in vascular bundles was detected up to 3 inches, or the nearest rod

(0

within 5 minutes of cutting.
Whole stalks usually retain some green leaves at the top after a nre-

arves . 50 that at the moment of cutting a transpiration vull exvists
arvect burn, I b exists

which may help to transport the organi These tops, nowever, are usun 111y



enoved at harvest
mesenteroides coloniges the parenchyma, with

by which L.
studied.

not been

The mechanism
resultant sucrose loss and other changes, hao
Bgan (19652) suggested that this process is relatively slow but is
saues, e.2. brulsing due to blunt

accelerated by mechanical damage to the ti
: subject is of considerabi

Although +i

Sorie brief

thic

handling,
in the present work.

knives and rough
it was not investigated

acadenic interest,
however, are relevant
so that ik cannot actively

speculation
L. mesenteroides is non-motile,
ox

to intracelluls

the xylen in

It probably escavpes from
Here the intracellular moisture cont
2 vhloem

via the pits of the xylen.
ugar and nutrients in a diffusion gradient between
The »H

of dissolved sug
thich may enable the organism to

narenchyma, whi
solution are probably nesr optimum for growt]
nteroides acts true

whether L. mesen
former case,

and ygen content of thi
It is not Enown

of the organism.
nathogen or whether it multiplies saprophytically
racellular metaboli

rf'
<D
6]
(@)
=
<t
[y
(T

| cells may be kilied by toxic extr
d, which can reduce the pH of

narenchyms
acl
ench J'na|

organism such as lactic gnd acetic
leakage of sucrose from the o
xtracelliular

-~ i

Juice to 4.2
The sucrose could then bhe attacked by the ext
nd dextran.

and converted to fructose
hymal cell

might occur.
dextransucrase of the organism, and
yme may be able to enter the living narench

In this cs=se, the organism

this ensz
the cell.
Bieleski (1958) revorted tissue

Alternatively,
hat cane

effect without killin

300 hours under

N

and exert its
would be considered saprophytic.
talks for at least

remains alive in harvested, healthy
is resolved, the correct description of nost-
of sugarcane ¢ ated with L.
. .
1964 ) treats the problem az2s one o

normal storage conditions.
mnesenteroides

Until this guestion

nt pathology,

harvest biodeterioration

cannot be =ztated. HBgan
in which the orgunism is described as a voathogen, =nd the e
which he names 'sour storase rot'. Hore it is
in which

produces are o disease,
in terms of biodeterioration

nreferred to treat the proble
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causative organism is the biodeteriogen, and the symptoms are called

"sour canet.

4, Factors influencing initial infection

a) Organism In common with plant pathogenic bacteria, it is probable

that the infectivity of L. mesenteroides is influenced by the strain of

organism, inoculum size and physiological state of the organism, but no
information is available on this subject.

y o . . . . e -
b) s5oil  Differences in soil type might be expected to influence its

Leuconostoc content. Nothing is known of the ability of the organism to
survive in soil for long periods. Although it does not form spores, its
dextran capsule may enable it to resist dessication.,

c) Cane  The variety, age and physiological state of the cane may
influence the degree of its natural resistance to infection. It is well
known that the rate of deterioration of cane after cutting varies widely
with variety, and that immature or overmature cane deteriorates more rapidly
than mature cane. However, these differences may be due to variations in
the degree of ‘autolysis' (non-microbiological deterioration) or to
differences in resistance to mechanical damage cr moisture loss. it was
shown by Browne (1906) that freshly cut cane exerts a slight germicidal

action on some bacteria, but the effect disappears at 8 - 24 hours after

cutting. He ascribed this effect to natural plant oxidases.

d) Mechanical damage  The two most important factors which influence the

degree of infection of cane are probably mechanical damage and climatic
oénditions; these are frequently inter-related. These factors influence
both the initial infection and the rate of deterioration: only the former
will be discussed here:-

- s N .. P I
(i)  Harvest damage  Wold (1946) in Hawaii was the first to observe

that badly bruised cane, produced by rough handling and cutting with blunt
blades, deteriorated more rapidly than cleanly cut cane; he ascribed +this
to increased bacterial infection. The amount of harvest damage is small

with hand-cut, whole-stalk cane. Bach cane, 8 - 10 feet long, has only
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two cut ends through which an organism can enter; when cane is mechanically

harvested by choppe

H

machines, the average billet length is about 12 inches,
50 that there are 16 - 20 potential points of infection. In addition, the
machines frequently produce jagged, bruised cuts and splits, compared with
the generally clean cuts of a hand machete. These facts have become
extremely significant in the last decade because the rising cost of labour
in many countries has forced the wide-scale replacement of men with machines.
Barly experiments simulsted machines by comparing the deterioration of whole
stalk and chopped cane, both hand-cut. Vallance and Young (1959) in
Queensland showed that this chopped cane deteriorated twice as rapidly as
whole~stalk cane over a four day period, but in Louisians Coll, Davidson,
Stewart & Guilbeau (1962} detected no differences. Severe losses of sugar
were first observed in mechanically harvested, chopped-up cane during weekend
storage in the 1962 Quesnsland season. Egan & Rehbein (1963) found that

these losses were due to L. mesenteroides infection; the degree of infection

was proportional to the degree of mechanical damage. For example, Egan
(1964) found that in dry weather nearly every sample of chopped cane wsas

4+

infected by L. mesenteroides, whereas whole stalks were almost sterile.

In wet weather however, the latter also became infected. Since then a great
deal of research has been carried out on this subject in Queensland,
especially by Egan (1964; 1965a; 1965b; 1965c; 1966; 1967a; 1967b; 1968a) :
this work is summarised in two recent papers (Egan 1968b; 1969). Important
papers were glso published by Kirby (1968); Vickers (1968); and Foster
(1969). In 21l these studies it was clearly shown that mechanically
harvested, chopped-up cane deteriorates much more rapidly than hand-cut,
whole-stalk cane. This is mainly due to greater initigl infection with

L, mesenteroides.

(ii) Burning In many countries, it is normal practice to set fire to
cane fields shortly before harvest. This removes most of the green leaves
and trash from the cane stalk, which makes the cane easier to cut and

improves efficiency by reducing the amount of non-sucrose containing materiasl

transported to the factory.
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It is generally recognised that burnt cane deteriorates more rapidly
than green cane after harvest (Oqel 1S q but whether this is due to
greater initial infection with microorganisms or to changes in the autolysis
of cane is not clear. Waddell (1952; 1954 ), however, found that in dry
conditions green cane ae*erloratea more rapidly than burnt cane after
cutting. He ascribed this to surface sterilisation of the stalk by burning,
coupled with the production of a charred, sticky coating which acted as a
barrier to infection. In contrast, Foster (1969) postulated that this
film of syrup on the stalk increased the susceptibility to infection.
These differences may be due to climatic variations, especially rainfall.

In many varieties burning causes splits in the stalk which increase the

fde

potential points of infection. In view of the fact that during a burn

the internal temperature of the stalk rises to hetween 125 and 1900‘
(Questel & Bregger, 1959), it is likely that observed differences between
the deterioration of green and burnt cane are mainly due to enzymic changes
within the cane. For example, many of the cells must be killed, since
Bieleski (1958) showed that above 4OOC (1O4OF) the respiration system of
cane cells becomes permanently damaged. Similarly, it may be postulated
that the oxidases which inhibit bacterial growth (Browne, 1906 ) are inact-
ivated, and render the cane more susceptible to infection (Owen, 1949).
Rizk & Normand,(l969) demonstrated that burning alters the ratio of natural
acid and neutrgl invertases within the stalk.

In Jamaica most cane is burnt prior to harvest. The effec

ot
@]
—

burning on the L. mesenteroides content of the epiphytic flora of cane was

therefore studied.

(1ii) Disease Mechanical damege to standing cane is caused by
disease, insects and rodent attack. McKaig & Fort (1936) studied the
composition of juice from Louisiana cane injured by the cane borer (Distraea

§§ccharalis) and red rot disease (Colletotrichum falcatum Went) . The

sucrose content was lower and the nitrogen content higher than in healthy

cane, but microbiological tests were not performed. Later, McCalip & Hall

£
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(1938) noted that in frost damaged Louisiana cane, heavy infection by

L. mesenteroides in the lower joints was usually associated with damage

from borer infegtation and splits in the stalk. Host recently, Mayeux (1960)
found that leaves diseased by red rot contained significantly greater
numbers of bacteris than healthy leaves. Cane borer dust was also shown

to be very highly contaminated with bacteria, principally Aerobacter aerogenes.

The incidence of L. mesenterocides was not recorded, but it is likely that

it is able to enter cane tissue in this manner. Rodent damage to cane is
widespread in the West Indies, but its effect on microorganisms has not
been gtudied.

In view of the high incidence of cane borer in Jamaica, the effect of

this insect damage on L. mesenterocides content of cane was investigated.

(iv) Freezing Semi-tropical countries which harvest cane in cold
weather frequently experience sour cane following a freeze. The cane cells
are damaged or killed by a freeze, and splits occur in the rind which
permit entry of microorganisms; these organisms then multiply rapidly if
the weather beconmes warmer. This ‘viscous fermentation' has often caused
serious economic losses in Louisiana. The organism responsible has been

identified as L. mesenteroides, which appears to compete more successfully

than other microorganisms at the low prevailing temperatures (Browne 1906
Walton & Fort 1931; TFort & Lauritzen 1938b; McCalip & Hall 1938;

Lauritzen ét al 1949; Owen 1949; Coleman 1952; Irvine & Davidson 1963;
Friloux et al 1965). This phenomenon also occurs in Argentina (Cross, 1966) .
Owen (1949) thought that increased susceptibility of freeze-damaged cane

to microbiological deterioration was due to reduced inhibitory action of

the plant oxidases at low temperature, coupled with an increase in soluble

nitrogen compounds. L, mesenteroides has also been isolated from frost-

demaged sugar beets (Schneider et al 1968). Fortunately temperatures in
the West Indies never reach freezing point.
e) Climate The effect of climatic conditions on degree of infection of .

cane is very difficult to assess because it camnot be controlled in large
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scale 'in vivo'experiments. However, it seems that warm, wet weather
favours microbiological deterioration (Gupta et al 1967; Samuels & Cayere
1867; Egan 1969; TFoster 1969b). This is probably due to the greater
contamination of both cutting instruments and cut cane stalks with infected,
sticky, moist soil in wet conditions. Water itself acts as a vector of
infection, and by local dilution of cane juice, enhances the penetration
and growth rate of microorganisms in the cut ends. Increase in temperature

also accelerates the growth of L. mesenteroides up to a temperature of

70: T - - - s 3 o]
20°C. However, in hot, dry weather many organisms die due to dessication,

and the cut ends of cane dry out rapidly.

After harvest, cane is either stored in small piles on the ground, or
loaded directly into carts, trucks or bins. In Jamaica, the weight of
cane in a transport cart is sbout 8 tons. It is probable that climatic
conditions during storage are generally favourable to infection and growth

of L. mesenteroides. Only the surface layers of a storage pile are

exposed to the atmosphere; the depths of the pile are protected and the
cane has its own micro-environment, in which the temperature and humidity
are probably high. Furthermore, the cane is in intimate contact with soil,
trash and other contaminated surfaces. Several of these factors were

studied by Wold (1946).

B. EXPERIMENTAL

All experiments were carried out at Frome Estate, Jamaic

o

, during
March - August 1969 and February - April 1970, unless otherwise stated.
A1l Leuconostoc counts were determined by the pour plate technique
on STATA medium described in Chapter IT. Typical mucoid, catazlase-negative

colonies were assumed to be Leuconostoc mesenteroides, although a small

proportion may have been L, dextranigum.. Occasional microscopic
examinations were made to check that these organisms were Gram-positive,

oval cocci, asg distinct from rod-shaped lactobacilli.
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1, Primary sources of infection of L?Qmesenteroides

a) Soil in canefields

S0il samples were taken in cane fields at different distances from the
cane stalks and at several depths. The fields were selected from various
farms, in order to provide a range of soil types and climates.

Surface samples were tsken by scooping soil into sterile jars; depth
samples were taken by means of an augur, and soil from the desired depth
was transferred to a sterile jar. The soils were examined the same day for

the presence of L. mesenteroides. 10 g. soil were aseptically added to

90 ml. sterile ¥ strength Ringer solution ( = 10~1 dilution), and thoroughly
shaken for two minutes. The Leuconostoc content was then determined.
The results are summarised in Table VI,1.

A total of 30 samples from 11 fields was examined. Of these, eleven
contained Leuconostoc in detectable numbers, with counts ranging from 10
to 5,200 per g. soil. It may be significant that the fregquency of positives
was much higher in soils sampled during June -~ August 1969, when conditioms
were moist (9/19 positive), than in the April 1970 samples, when the soil
was very dry (2/11 positive). The majority of samples were taken from
the top soil, at depths of O - 4 inches, and at distances within 6 inches
of the cane.

The two samples of filter-cake mud, taken from piles in the field
prior to application as fertiliser, both yielded very high counts of

L. mesenteroides.

It was concluded that the soil of cane fields contains small numbers of

L, mesenteroides near the surface adjacent to growing cane; this probably

contributes to infection of cane at harvest. The practice of applying
filter—-cake mud to newly planted cane fields ensures that the soil is

enriched with Leuconostoc once every 6 - 7 years. The survival of

L. mesenteroides in the soil may be adversely affected by dry climatic

conditions.

Future research into the ability of L. mesenteroides to survive for

e T ST T

long periods in the soil of cane fields would be of interest.
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Date Field Location of sample Field Leuconostoc
Treatment count per
Depth Distance from g. soil
(inches)  stalk(inches)
13.6.69 A 0~ 4 6 Burnt 12th 10
0~ 1 6 June. 5,000
0 -4 12 Harvesting N.D.
0 -1 12 in progress 30
24.6.69 B 0 -1 6 Burnt 23rd N.D.
0-~1 6 June. 50
0 -1 6 Harvesting N.D.
0~-1 6 in progress 1,300
14.7.69 ¢ 0-1 0 -3 Burnt 13th 5,200
0O -1 O -3 July. 95
0 -1 0 -3 Harvesting N.D.
0 -~1 0~ 3 in progress N.D.
26.7.69 D 0-1 0 -3 Pre-burn N.D.
0~1 0 -3 Pre-burn N.D.
0 - 1 0 -3 Post-~burn 130
0 -1 0-3 Post-burn N.D.
1.8.69 E 0~1 0 -3 Not burnt 10
F S0il shaken from roots of N.D.
cane
G Soil from newly planted N.D.
field, no filter-cake
3.4.70 H 0-3 3 Freshly N.D.
3 - 6 3 harvested N.D.
6 -9 3 by hand N.D.
304‘:70 I O e 3 3 FI‘eSh].y 60
4 - 8 3 harvested 390
9 - 12 3 by machine N.D.
3.4,70 J -3 3 Freshly N.D.
- 6 3 harvested N.D.
-9 3 by hand N.D.
3.4.70 K 0 =3 3 Young, green, N.D.
0 -3 3 standing cane N.D.
1.8.69 G Filter cake mud, applied as fertiliser 110,000
3.4,70 L Filter cake mud, applied as fertiliser 50,000

Table VI, 1.

N.D. :

Not detected;

The Leuconostoc content of soil from cane fields.,

Frome Bstate, 1969 -~ 1970.

count less than 5 per g. soil

e T



b) Cane

Attempts were made to isolate L. mesenteroides from the epiphytic flora

of the sugarcane.

Selected sites on the cane were swabbed with sterile calcium alginate
wool swabs (Grahams Medical Products Ltd., Farrington, Berks.). No attempt
was made to define the size of the sample area. The swabs were placed in
10 ml. sterile ‘Calgon' Ringer solution (= 107t dilution) (Oxoid Ltd.),
shaken till dissolved, and examined for Leuconostoc within two hours of
sampling.

In the first experiment, four stalks of mature, green, standing cane
were examined; each was selected from a different field on the same farm.
Each stalk was sampled at several sites along its length. The results
are summarised in Table VI, 2.

In a second series of experiments, the effect of pre-harvest burning
on the Leuconostoc content of the epiphytic flora of sugarcane was studied.
Swabs were taken from similar sites on adjacent stalks of standing cane
shortly before and after a normal pre-harvest burn. The results are
summgrised in Table VI,3.

In a third experiment, the effect on the epiphytic flora of "sterilising?
the stalk with 70% ethanol was examined. 24 healthy stalks of mature cane
(variety B4362, burnt the previous day) were cut by machete and taken
immediately to the small two-roller mill. "The stalks were mixed and
divided into two bundles of 12 stalks each. One bundle was crushed without
treatment; the other was first stripped of its leaves and roots and the
stalks were 'sterilised' by swabbing with cotton wool swabs soaked in 70%
ethanol. The alcohol was allowed to evaporate without flaming. The hands
of the operator were washed in alcohol to minimise contamination during
handling of the cane. The mill was ‘sterilised' by washing and flaming
with alcohol before and between crushing of the cane. The Jjuice from each
treatment was collected in sterile containers and examined immedigtely.

Microorganisms were enumerated on a range of selective media as described

in Chapter II.
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Sample Stalk .. Leuconostoc
No. No. Sample Site count per swab

1 1  2nd internode & leaf axis above ground; ants N.D.

2 4%th i ] t it 0" borer N.D.

3 6‘th i " 1 1] 1] moist N.D.

4 8th n n t u " split N.D.

5 llth ® u i n 1 moist N.D.

6 Interior of stalk, at split in stem N.D.

7 Ants taken from base of stem, from nest N.D.

8 2 2nd internode, with rootlets N.D.

9 1 i 1 1t 5
10 4th internode, and stalk; dry N.D.
11 7th-9th ® " " 535
i2 10th-11th * " s wet & dirty 1,000
13 12th~-1%th * 1 n b " ca.l1l0,000
14 Interior of stalk, at 8th node N.D,
15 " ", at split N.D.
16 %  2nd node and rootlets N.D.
17 4th-5th node N.D,
18 6th-Tth node, moist N.D,
19 Interior of stalk, split at 3rd node N.D.
20 4 lst node and rootlets N.D.
21 5th node; moist & dirty ca.50,000
22 8th node; Dborer hole & borings 55
23 Interior of stalk at borer hole N.D. (105

lactobacilli)

Table VI,2. Detection of Leuconostoc in the epiphytic flora of

mature, green, standing sugarcane. Frome Estate, 1.8.69.

N.D. : DNot detected; count less than 5 per swab
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Date Experimental Pre- or SampleVSite Leuconostoc
Details Post-Burn count per
swab
13th Variety B4362 Pre-; 12 noon 2 bare stalks; 2 leaf N.D
June Burnt 2 pm axils e
1969 No rainfall
Post—-3 4 pm 4 " " u N.D.
9 am on 1l4th 2 n " i N.D.
24th Variety B4362 Pre-; 11.45am 4 swabs, all from leaf 2 swabs N.D.
June Burnt 1 pm axils 1 swab 2,500
1969 Rainfall at 1o 1,250
3 pm
Post-; 4 pm % swabs, from bare stalks, 2 swabs 10
height 2-6" above soil 1 swab 5
26th Variety B51129 Pre-; 2 pm 4 swabs, height 10-15"
July Burnt 2.30 pm above soil, separate
1969 2" rainfall stalks. 3 of leaf axils, N.D.
at 3 pm 1 of bare stem.
Post-; 6.45pm 1 swab of leaf axil 10
1 i 114 it 70
1 swab of bare stem 200
1 i 134 ff 40
3rd Variety B4362 Post-burn 3 swabs from different N.D.
April Burnt previous stalks of sticky drops
1970 day.No rainfall exuding from nodes

Table VI, 3. The effect of burning on Leuconostoc in the epiphytic flora
of mature, standing sugarcane. Frome Bstate, 1969 -~ 70.

N.D. ¢ DNot detected, count less than 5 per swab.

Count/ml. juice % reduction in
Microorganisms count on
Untreated cane *Sterilised' cane 'sterilisation'
Total spoilage organisms 6.1 x lO4 3.3 X 104 47
Leuconostoc & lactobacilli 3.8 x 107 1.4 x 10% 63
Mesophilic bacteria 1.3 x lO4 1.2 x lO4 8
Yeasts 3.1 x 10% 1.3 x 10% 58
Moulds 9.0 x lO4 1.0 x 102 99.9

Table V1,4, The effect of surface 'sterilisation' of cane stalks
with 70% ethanol on the microflora of aseptically

extracted, fresh cane Jjuice.
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The results are summarised in Table VI, 4.

Thirty five examinations of green cane and twenty examinations of burnt
cane were made. In general, Leuconostoc was not frequently detected either
on green cane (8/%5 swabs positive) or burnt cane (7/20 swabs positive).

The numbers of stalks yielding Leuconostoc were 3/14 for green cane and
7/16 for burnt cane. Combined totals for green and burnt cane were 15/55
swabs positive, and 10/30 stalks positive. Leuconostoc counts per swab
ranged from 5 to 50,000,

The organism was not associated with any particular site on the cane;
contrary to expectations it was not isolated more frequently at sites
nearer the ground, but was randomly distributed over the bare stems and
in the moist leaf axils. The highest counts, however, were found on
moist, dirty areas of stem (swab nos. 13 and 21, Table VI,2.).

Swabs taken from the interior of the stalk adjacent to splits did not
yield Leuconostoc (swab nos. 6, 15 and 19, Table VI,2). The interior of
the stalk at a borer hole contained lactobacilli but not Leuconostoc
(swab no. 23)5 although the borer dust was positive (swab no. 22). Ants
taken from a nest at the base of a stalk, and the infested stalk itself
did not reveal Leuconostoc.

The effects of burning are not clear from the results shown in
Table VI, 3, In the experiment of 13th June, Leuconostoc wés not isolated
either before or after the burn; on 24th June, the post-burn counts were
lower than pre-burn, whilst on 26th July the pre-burn swabs were all negative
and the post-burn swabs all positive. The latter result may have been
caused by contamination of the stalks with soil splashes due to extremely
heavy rainfall. Contrary to expectations, samples of sticky exudate from
the nodes of cane burnt 24 hours previously were not contaminated with
Leuconostoc.

In Table VI, 4, it is assumed that the organisms present in the expressed
juice were derived from the epiphytic flora of the cane, since the interior

of healthy cane is thought to be sterile. Contaminants from handling and
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crushing the cane were probably in small encugh numbers to be ignored.
The approximate composition of the epiphytic flora was 50% lactobacilli and
Leuconostoc, 40% yeasts, and 10% other bacteria, mainly Bacillus species
and Gram-negative, yellow-pigmented rods (Erwinig species?) . Mould spores
were present in very high numbers, but were not included in the total
spoilage organism count.

Monilia sitophilg was the predominant mould.

Surface 'sterilisation' was not very effective, since the count of
spoilage organisms was only reduced by about half. The survival of
mesophilic bacteria was probably due to heai-resistant spores of Bacillus
species. The mould count was drastically reduced. These results show
that the initial count of spoilage organisms in the juice of healthy cane
milled immediately after harvest is less than lO5 per ml. In view of the
practical difficulties and inefficiency of surface sterilisation of stalks,
it is suggested that the contribution of the epiphytic flora to the céunt
of expressed Jjuice from stored cane should be ignored. This error is small
when the Jjulce of Leuconostoc-~infected, stored cane is examined, since
counts here usually exceed 106 per ml.

It was concluded that L. mesenteroides occurs in the epiphytic flora

of green standing cane, but its incidence is low (between 20 and 35 per cent
of stalks). Certain locations on the plant may have high Leuconostoc
counts, but mechanical damage to the stems, such as splitting and borer
holes, is not necessarily associated with Leuconostoc infection of the
internal tissues. Leuconostoc is probably absent from the inside of
healthy standing cane. Burning does not appear to *sterilise' the surface
of the stalk.

These results are similar to those of Egan (1964; 1965a; 1965c) in
Queensland. They show that the epiphytic flora of cane is a potential

source of Leuconostoc infection of the cut ends at harvest.
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2. Vectors of L. s infection

a) Cutting instruments

The objective of the study was to determine the degree of contamination

of cutting instruments with L. mesentercides, in order to assess their role

in the infection of cane at harvest.

Af the time of the investigation, all cane in Jamaica was harvested by
manual labour using machetes. These are heavy steel knives with blades
between 12 and 18 inches long, fitted with wooden handles (for photograph
see "Appendix"). No cleaning or sterilisation of the machetes is practised.

During the 1970 crop, trials were carried out at Frome with a Massey-
Ferguson 201 mechanical harvester. This machine automatically tops the
cane and cuts it into billets of average length 10.5 inches; the billets
are loaded directly into a cane cart. Since mechanical harvesters may be
gradually introduced into the island, it was decided to imclude this
machine in the investigations.

Bach machete was examined by swabbing the whole blade with a calcium
alginate wool swab. The samples were taken during normal harvesting
operations.

The two chopper-blades of the mechanical harvester were similarly
examined by swabbing whilst the machine was at a temporary halt.

The Leuconostoc count of the swabs was determined by the method pre-
viously described for cane (Section#l,b). The results of the machete
examination are shown in Table VI,5 and the mechanical harvester in Table VI,6.

A total of 65 machetes from ten different fields was examined. Half
of these (32/65) were contaminated with L. mesentercides but the incidence
of fpositives' appeared to be dependent upon the weather. 100% contamine
ation was observed when the conditions were damp and sticky soil adhered
to the machetes (fields D, F and H), but in dry conditions only a few of the
machetes were infected. Very high counts of Leuconosto¢ occurred on the
machetes in damp weather.

In contrast, the six swabs taken from the chopper blades of the

mechanical harvester were all heavily contaminated even in dry weather
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C Date Field Climagtic No. of No., of Leuconostoc counts per
conditions machetes machetes  swab of 'positive’
. examined ‘positive' machetes *
) 13.6.69 4 dry 3 1 160
ﬁ 18.6.69 B dry 6 1 35
) 24.6.69 G dry 8 0 -
1.7.69 D recent rainfall 8 38 1100: ca.5000; ca.5000;
75; ca.5000; 6003
ca.5000; c¢a.5000
14.7.69 E dry 8 1 175
32 19.,7.69 F  recent rainfall 8 8 505: 3500; 25000; 80;
. 1800; 15000; 135; 2800
22.7.69 G dry 5 0 -
29.7.69 H dry, but field 8 8 1010; ca.l0000;
waterlogged ca.5000; ca.l0000;
ca.10000; ca.25000;
T00; ca.5000
1.4.70 I dry 8 3 190; 60; 40
%.4.70 J dry 3 2 1125; 965
Table VI,5, Leuconostoc counts of swabs from cane cutters' machetes
at Frome

¥ ‘Positive’ swabs contained 5 or more Leuconostoc per swab.

Date Field Sample details Leuconostoc count per
swab

1.4.70 K 4 swabs taken 1 minute after halt 210; 1503 12003 410
3.4.70 L 2 swabs taken 30 mins. after halt 1800; 15000

Tgble VI,6, Leuconostoc counts of swabs from the chopper blades

of a mechanical harvester at Frome.




Tt was concluded that machetes may be vectors of infection of manually-

cut cane with L. mesenteroides at the moment of harvest, but they are

probably only significant when wet weather prevails. The mechanical
harvester, however, seems likely to .infect cane heavily at all times.
The latter result confirms eﬁidence obtained by Egan (1965a) .
b)  Air

Since harvested cane is normally laid on the ground in the field
overnight prior to loading, it was thought that some airborne infection
of cane with Leuconostoc may occur.

Attempts were made to assess the degree of infection of the air in

cane fields with L. mesentercides. 4An apparatus for quantitative air

sampling was not available, so the simple exposure plate technique was
used.

The fields selected for the experiment were freshly harvested, the
same day. In each experiment, eight or nine 4 inch petri-dishes of
pre-poured STATA medium were spaced at approximately 20 yard intervals

along the rows of cut cane. The dishes were mounted on stands at a

height 1 foot above the ground. Each plate was exposed to the atmosphere

for 60 minutes, commencing in the cool early evening (5.30 pm) in order
to minimbse drying-out of the medium. The dishes were then covered,

incubgted 48 hours at BOOC, and examined for L. mesenteroides colonies.

The results are shown in Table VI,7.

The first experiment (Field A) was invalidated because the ‘positive!

plates had been overrun with ants; the Leuconostoc colonies may have
originated from either the insects or the air. In the three valid
experiments 5/26 plates developed Leuconostoc colonies; each had only
one isolate per plate.

These results suggest that sirborne transmission of L. mesentercoides

is unlikely to be a significant vector of infection in the post-harvest

biodeterioration of cane.
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Date Field No. of plates No. of plates  Leuconostoc counts of
exposed fpositive® "positive® plates

1.7.69 y:§ 8 4% *

5.7.69 B 8 2 1; 1

2.4.70 C 9 3 1s 13 1

3.4.70 D 9 0 -

Table VI, 7. Enumeration of L. mesentercides on plates exposed to

the atmosphere in canefields for one hour periods.

*  These plates were infested with *sugar ants?! which invalidated

the results.

c) Insects

In a field of freshly-burnt standing cane it was observed that
numerous wasps were feeding on the sticky drops exuded from the nodes.

Six wasps were captured, placed in 10 ml. sterile Ringer solution, and
shaken vigorously. After one hour the suspension was examined for
Leuconostoc.

Two of the six wasps were contaminated with L. mesenteroides, at
levels of 20 and 60 per ml. of suspension. No attempt was made to locate
the area of the insect which contained the organism.

It was concluded that wasps may play a minor role in the post-harvest
infection of cane with Leuconostoc. Other insects, such as ants, may
also act as vectors, but the little evidence obtained from samples 1 and 7
in Table Vi,2, and sample A, Table VI,7, is inconclusive.

3 Colonisation of cane tissue by L,,mggeptgroidesﬁ

The experiments were carried out at Tate & Lyle Ltd., Research Centre.

a) ‘In vitro' experiment

The rate of penetration and multiplication of L. mesenteroides in

harvested cane was studied in the laboratory.
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Sugar cane (variety B57150) was grown in a greenhouse in pots of
vermiculite at the Research Centre. Its age was 11 months, but it was not
mature in terms of sucrose content. The leaves were removed and the stalks
were swabbed and flamed with INS. The stalks were then aseptically
‘harvested' with sterile shears and cut into 15 inch lengths. The cut
ends were sesled in sterile polythene bags.

The test organism was a strain of L. mesenteroides (L16) isolated from

sour West Indian cane, grown for 24 hours at BOOC in MRS broth.,

4 cane pieces were inoculated with the test organism by immersion of
one cut end in 10 ml. culfure in a petri dish for five minutes. A fifth,
control piece was similarly dipped in sterile Ringer solution.

After inoculation, the ends were re-sealed in sterile polythene bags
and the cane was stored in a glass tank at 3000 over saturated KNO3
solution, to provide a relative humidity of 91%. One infected stalk was
removed after storage periods of 15 minutes, 2 hours, 5 hours, and 3 days,
and examined for Leuconostoc count.

The stalks were split longitudinally, and appraximately one gram
samples of cane tissue were excised with a scalpel and weighed into 9 ml.
volumes of sterile Ringer solution. This was added to 90 ml. sterile
Ringer solution in a Waring blender and blended for one minute. Aseptic
technique was used throughout. Leuconostoc counts were determined on the
blended solution. The results were expressed as no. of organisms per g.
cane tissue,

The 'control' piece was examined at 15 minutes storage time. Control
counts were also taken of the 'sterilised' surface of the stalk, and of the
inoculum.

An initial experiment showed that when the test organism was diluted
in sterile Ringer solution to give an inoculum containing 1,000 organisms
per ml., the cane did not become infected. In the second experiment neat
broth culture was used, containing 5 x 108 Leuconostoec per ml.

The results are summarised in Table VI,S8.
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The pattern of results is very similar to those of Egan (1965a) .

Despite the slight drop in count at 2 hours, which was probably due to

between stalk variation, the Leuconostoc count at a given sampling site was

proportional to storage time. Similarly, at a given storage time, the

Leuconostoc count was inversely proportional to the distance of the site

from the inoculated end. The rate of penetration and multiplication of
7

the organism was very rapid. Counts of 10 per g. tigsue and abowve are

probably sufficient to cause significant economic losses of sugar in the

cane.
Distance of sample Leuconostoc count per g. cane tissue at
site from stated storage time
inoculated end (inches) 15 mins. 5 hours 5 hours 3 days
0.5 > 10° > 10° > 10° 3 x 10
3 2.4 x 10" 8.7z100 7x10% 4.5 x10°
6 2.2 x10° 6.2 x 10° 2.3 x 107 1.2 x 10

Table VI,8. The rate of penetration and multiplication of

L. mesenteroides in artifically inoculated cane.

'Control® results : 1 No Leuconostoc detected (less than 100 per g.)

‘at 0.5, 3 or 6 inches site after 15 minutes

storage.

2  No Leuconcstoc detected (less than 10 per swab)

on flamed surface of stalk.

3  Inoculum count: 5 x 108 Leuconostoc per ml.



No adequate explanation can be suggested for the requirement of such
a large inoculum to initiate infection. It is very unlikely that inocula
of this size occur in the field.

The results suggest that Leuconostoc may spread passively through the
stalk via the xylem, but the mechanism of parenchymal colonisation was not
examined.

b) The use of TTC to detect L. mesenteroides in cane.

Many microorganisms can reduce the colourless compound 2,3,4-triphenyl-—
tetrazolium chloride (TTC) to the deep red formazan. Preliminary studies

showed that when L. mesenteroides was inoculated into YGC broth containing

0.01% TTC, a red coloration developed after four days, but not in one day's

incuoation. The possible use of TTC to detect Leuconostoc in cane stalks

was examined.

An aseptically harvested cane stalk was cut into two 5 inch pieces.

One end of each piece was dipped into seitz-filtered 0.01% TTC solution for
five minutes; the 'test' piece was then dipped in a 1:1,000 dilution of
overnight broth culture of L. mesenteroides (strain 120). The ends were
sealed in aluminium foil, and the stalks were incubated at BOOC for 24 hours
over saturated KNO3 solution. They were then removed, split longitudinally,
and examined for red coloration of internal tissues. The stalks were then
re-assembled, re-incubated, and re-examined after four day's storage.

Samples of red tissue were examined bacteriologically on several media by
methods described in Chapter II.

After one day's incubation, no colour changes were detected. At four
days, the infected stalk was a homogeneous deep red colour, whilst the
control stalk showed irregular patches of red (Figure VIi,1.).

The red coloration of the test tissue was associated with very high
counts of Leuconostoc only. Red tissue in the control piece contained a
high coliform bacteria count, and a few Leuconostoc, thus indicating
accidental contamination.

Low-power microscopic examination of the Leuconostoc infected stalk

showed that the colour was evenly distributed throughout the tissue and
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not confined to the xylem. This indicated that the organism had colonised
the parenchyma.

It was concluded that TTC is only of limited use to detect areas
containing large numbers of Leuconostoc within cane stalks, since it is
non- specific and colour development is slow.

4. Factors influencing infection of cane by L. mesenterocides.

a) Harvest damage

A comparison was made between the degree of L. mesenteroides infection

of freshly-harvested cane cut manuslly and by machine. Swabs were taken
of the cut ends of cane lying on the ground shortly after harvest and
examined for Leuconostoc.

The results are given in Table VI,O9.

Date Field . . Swab Leuconostoc count
Sample Details ———————
No. per swab
3.4.70 A Mechanically-harvested, 1 2,000
chopped-up cane, within 2 1,500
one minute of harvest 3 1,400
As above, 30 minutes 4 2,400
after cutting 5 820
6 1,400
3.4.70 B Manually harvested, 7 N.D.
whole-stalk cane, two 8 W.D.
hours after cutting 9 N.D.
10 N.D.

Table VI,O, The Leuconostoc content of cut ends of freshly-

harvested cane cut by machine and by hand.

N.D. : Not detectable -~ less than 10 organisms per swab.
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Weather conditions were dry and hot.

The billets of chopper-harvested cane were all heavily infected with

L. mesenteroides at the cut ends. The ends were jagged, split, moist and

dirty in appearance. In contrast, the cut ends of hand-cut, whole-stalk
cane were neat, clean and dry and were not infected.

It was concluded that mechanical chopper—~harvesters cause heavy
infection of the cane billets.

b) Pre-harvest burning

Some experiments on the effect of burning on the Leuconostoc content
of the epiphytic flora of standing cane were reported in this chapter,
section 1lb, Table VI,3.

In another experiment, known volumes of a pure culture of L. mesenter-
oides were spread on marked areas of sterile microscope slides and allowed
to dry. Test slides were attached to standing cane stalks in a field
immediately prior to burning, at different heights and locations. After
the burn, the slides were recovered and attempts made to count numbers of
surviving organisms by a swab and plate technique. No viable organisms
were detected, but the experiment was invalidated because the organisms
also died out on the untreated control slides. It was observed, however,
that the treatment slides were all blackened by smoke, at heights of 1,
5 and 10 feet above the ground. They must, therefore have been exposed to
high temperatures during the burn.
c) Disease

The effect of borer damage in cane on the degree of infection of cane

with L. mesenteroides was examined. This work was in collaboration with

a study by the Research Department of the Sugar Manufacturer's Association
of Jamaica Ltd., into the effect of cane-borer damage on juice guality of
cane.

Twelve stalks each of healthy and borer-damaged cane were selected at
random from a field of mature, green cane. The bundles were crushed on a
smgll 2-roller mill and the Leuconostoc content of the extracted Juice was

determined. The results of seven experiments from different fields are
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summarised in Table VI, 10.

Contrary to expectations, the Leuconostoc count of juice from damaged
cane was not significantly greater than that of healthy cane; in fact the
reverse was true in 5/7 experiments. On this evidence, it does not seem
that borer damage contributes to Leuconostoc infection of cane.

Other evidence to support this is found in Table VI,2, samples

No. 2, 22 and 23.

Date Field Leuconostoc count per ml.juice Ratio of bored/clean
Healthy cane Bored cane Leuconostoc count
10.3.70 A 210,000 > 400,000 > 2.00
B 170,000 110,000 0.65
c 100,000 22,000 0.22
D 90,000 58,000 0.65
1.4.70 E 17,000 200,000 11.80
r 190,000 39,000 0.21
G 90,000 29,000 0.32
Table VI,10, Comparison of Leuconostoc count of juice from

healthy and borer-damaged cane.

d) Climate
Controlled experiments on the effect of temperature, rainfall and

humidity on the infection of cane by L. mesenteroides were not carried out.

However, some indications of the effect of rainfall were obtained. For
instance, the incidence of Leuconostoc in soil (Table VI,l) and on machetes
(Table VI,5) was much higher in wet weather than in hot dry weather.

This evidence favours the widely-held opinion that sour cane is a more

serious problem in wet climatic conditions.
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C. CONCLUSIONS

1. Primary sources of infection of Leuconostoc mesenteroides.

Attempts were made to detect L. mesenteroides in the soil of cane fields
and in the epiphytic flora of standing cane. The organism was detected in
11/30 samples of soil taken from 11 fields. Counts ranged from 10 to
5,000 per g. soil. The soils were surface samples taken within 12 inches
of growing cane.

The organism was detected in the epiphytic flora of 10/30 stalks of
mature standing cane, both green and burnt. Counts ranged from 5 to
50,000 organisms per swab. It was not associated with any particular
location on the cane, but the highest count was obtained from a moist, dirty
area at the 5th node. The organism was not detected inside stalks of
healthy cane even where the rind was split, but it was present in the
borings of the cane borer insect.

Filter-cake mud from the cane factory was highly contaminated with
Leuconostoc. Its application as a fertiliser to newly-planted cane fields

must lead to regular enrichment of the soil with L. mesenteroides.

It was concluded that the soil of cane fields and the epiphytic flora

of standing cane contain small numbers of L. mesenteroides and therefore

are a potential source of infection of the cut ends of cane at harvest.

2 Iransmission of L. mesenteroides to the cut ends of harvested cane.

Cane-cutters' machetes appeared to be a principal vector of infection.
L. mesenteroides was detected on the blades of 32/65 machetes taken from
ten fields during normal harvest operations. Counts ranged from 30 to
25,000 organisms per machete. The incidence of contamination was nuch
higher in wet weather conditions when moist soil particles adhered to the
blades.

The chopper~blades of a mechanical harvester were heavily contaminated
with L. mesenteroides in dry conditions.

The organism was detected in small numbers in the air of 2/4 freshly-

harvested cane fields by the exposure plate technique.
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2/6 wasps captured in a burnt cane field revealed the presence of

L. mesenteroides, and indirect evidence suggested that ants may also carry

this organism. It was concluded that insects and airborne dust may be
minor vectors of infection of cut cane whilst it lies on the ground over-
night prior to loading.

Direct physical contact between the cut ends of cane and the soil
after harvest is probably a significant method of contamination.

3. Penetration and colonisation of harvested cane by L. mesenteroides

An in vitro experiment showed that a pure culture of L. mesenteroides

was able to penetrate cut cane rapidly and multiply within the parenchyma.
Leuconostoc counts in the stalk increased with time of storage and were
inversely proportional to the distance of the sample site from the inoculated
end. The Leuconostoc count per g. cane tissue reached a maximum of
3 x lO7 organisms at a distance %—inch from the inoculated end after 3 days
storage time. A lzrge inoculum (108 organisms per ml.) was required to
initiate infection under these conditions. This is probably much greater
than inoculum levels 'in vivo', but an adequate explanation cannot be
suggested.

The mechanisms of transport of the organism within the stalk and
colonisation of the parenchyma were not studied. A possible method for
detection of Lewuconostoc within cane stalks by application of tetrazolium

salt was not satisfactory.

4. Factors influencing the infection of harvested cane by L. mesenteroides
e —t——

The results of several experiments on the effect of pre-harvest

burning on the Leuconostoc content of standing cane were inconclusive.

However, burning did not sterilise cane stalks and L. mesenteroides was

recovered from several stalks of burnt cane.

L. mesenteroides was not detected on the clean-cut ends of 4 stalks of

freshly harvested, manually-cut, whole-stalk cane, but the bruised ends of
6 mechanically-harvested billets were heavily contaminated. It was

concluded that the degree of mechanical damage of cut cane may influence
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the degree of infection by L. mesenteroides.

A comparison of the L. mesenteroides content of juice from healthy

cane and from cane damaged by the cane borer insect did not reveal any
significant differences in the seven fields examined.

The incidence of L. mesenteroides in soil and on machetes was much

higher in wet weather than in hot, dry weather. This evidence supports
the view that wet climatic conditions enhance the degree of infection of
harvested cane and hence increases the incidence of sour cane.

5. Recommendations for future research

A study of the ability of L. mesenteroides to survive in the soil of

cane fields would be of interest.

The mechanisms of penetration of cane stalks by L. mesenteroides and

its ability to colonise the parenchyma remain to be investigated. The

results should resolve the question of whether L. mesenterocides is a

plant pathogen or a saprophyte.
Further work on the effect of pre-harvest burning on the Leuconostoc

content of cane stalks is desirable.



CHAPTER VII ECONONIC ASSBSSHENT

A INTRODUCTION

The economic losses caused by post-harvest deterioration of sugarcane
are conveniently classified into field losses and factory losses.

Ta Field Losses

In both stale and sour cane the principal losses in the field (i.e.
between harvest and milling) are a reduction in the welght of cane due to
evaporation of moisture, and a reduction in the sucrose content of the
Juice due to inversion and other metabolic changes; the latter is probably
the most important. The overrall effect is a reduction in yield of tons of
sugar per acre. These losses are borne by the grower, who is usually paid
on the basls of the estimated weight of recoverable sugar in the tonnage of
cane delivered at the factory.

Despite many naners in which the loss of recoverable sucrose in stored,
harvested cane was determined (reviewed in Chapter III), no sssessments of
actual economic losses appear to have been made. However, it is widely
recognised that these losses can be very significant. For instance, Guilbesau,
Coll & Martin (1955,1956) calculated that an average 11% of recoverable
sugar was lost from whole-stalk cane in Louisiana when stored for 8 days
after harvest; in monetary terms this was a loss of ﬂ 17.68 from an original
price of ﬁ 183.18 per acre of cane. Lauden (1963) estimated that the
Louisiana sugar industry lost 200,000 and 100,000 tons of cane in 1962 ang
1963 respectively because of deterioration in cane quality after a freeze,

presumably aggravated by Leuconostoc mesenteroides infection. The results

of six years research on deterioration of chopped-up cane in Queensland were
recently summarised by Egan (1968b). During storage over weekends in 1962,
1963 and 1966, chopped cane lost 6.0, 8.8 and 115 of its original sucrose
content respectively, compared with 1-2% for whole stalks.

ssessment of field losses requires not only a knowledge of the rate of

deterioration of the principal varieties in a given area throughout the

O
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season, but also an estimate of the freguency distribution of age of cane
post-harvest when delivered to the mill. This information was determined
during the veriod March - July 1969 at Frome Estate.

2. Factory Losses

Juice from deteriorated cane possesses three main characteristics
vhich adversely affect the process of sugar manufacture in the factory; these
are an increase in acidity, a reduction in sucrose content and ocurity, and
an increase in the soluble polysaccharides or 'gums'. An additional harmful
effect may be an increase in the population of microorganisms in the mill
due to the processing of heavily infected, sour cane. This could accelerate
sucrose loss by inversion in the mill, and lead to the formation of dextran
gum or slime which in turn can cause physical blockage of pipes, tanks,
strainers, etc. The latter effects have been extensively reported and are
adequately reviewed by Thaysen & Galloway (1930}; Perquin (1940C;; Hucker &
Pederson (1942;; and Owen (1949). Since this problem is intimately related
with mill hygiene or 'good housekeeping' and cannot be studied in isoletion
it was considered to be outside the scope of this thesis.

The harmful effects of increased juice acidity are twofold; firstly,
acidic inversion of sucrose in the mill Jjuice is accelerated, and secondly,
additional lime is required to neutralise acidity vrior to clarification.
However, the economic significance of these effects is probably minor.

The reduction in sucrose content and purity of Juice is of greater
significance, for two reasons. Firstly, =s the sucrose content of the Jjuice
decreases the time taken to manufacture unit weight of raw sugar increases.
becondly, as the purify or ratio of sucrose to non-sucrose sclids decreases,
the amount of molasses produced per ton of sugar increases (Serbia,1966).
Although molasses ié a valuable by-product of sugar manufacture it contains
a high sucrose content (50—40% w/w) and its retail value to the factory is
only £7-10 per ton compared with £45-50 per ton of raw sugar.

The most harmful effects of deteriorated cane on the factory process
arise from its increased 'gum' content. These effects are manifold and

have led to numerous investigations.
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sarly work in Loulsiana was stimulated by the deterioration of frozen
cane which was associated with severe processing difficulties. Walton &
Fort (1931) found that 'iellying' of molssses derived from this cane was due

to dextran and mannitol, whilst MeCalio & Hall (1938) showed that

pesentercides infection was responsible for dextran production in frost-

aunsged cane. The effects of this 'viscous fermentation' on the viscosity of
process materials and retardation of crystallisation were so severe that
factory operations were almost stopped.

" T I . - S o . . .
In Begypt Tantaovi (1952) revorted similar effects which were due fo

dextran from sour cane, presumed to he infected with L.mesentercides. The

factory capacity was reduced to 70% and the milling rate had to be retarded.
The economic losses were calculated as 3 Kg. sucrose and an extra 7 Kg. of

o \ N . 5 - .
fuel, (COal), per ton of cane, together with the consequences of a reduced

milling rate.

One effect of dextran in process materials is to interfere with
analytical results in process control. (ucballp & Hall,1938; Tantaoul
Stewart & Rehbein, 1964; Anon,1969b). Dextran is dextrorotatory ( (a) D o+
200 to 250 ) and therefore inflates the direct polarisation ('pol') reading
of samples; this results in an artifically high estimate of the purity of
materials, i.e. the estimated sucrose content is higher than the true sucrose
content. ince chemical control in Jamaican factories is normally based on
direct pol measurements rather than true sucrose determinations, significant
errors are introduced in calculations. Dextran also affects determinations
of true sucrose by conventional methods, and necessitates special modifica-
tions to these methods when sour cane is analysed.

In the last decade research on the soluble polysaccharides (loosely
termed 'dextran' by many workers) of cane products and their effect on pro-
cessing has mainly emanated from Australia, stimulated in part by the
problem associated with sour storage rot of mechanically-harvested, chopped-

up cane. The effects of 'dextran' on sugar processing are summarised by

66) and Foster (1969c¢) .

Nel

Cross (1
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Effects are first observed at the clarification stage, where dextran
cauges poor clarification, cloudy juice, and large volumes of filter cake
mud which are difficult to filter (Davis,1959; Cross,1966; 5eiv,1967;
Foster,1969c).

During the stages of evaporation and crystallisation the primary effects
of dextran are an increase in the viscosity of syruvs and a decrease in the
rate of crystallisation of sucrose (Foster, Davies & Scekhill  1957; Davis,
1959; Sutherland,1960a; Smythe,1967; Horitsugu & Tu,1969). The crystallisa-
tion rate of sucrose in syrups containing dextran may be reduced by as much

nt
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as 2% (Moritsugu,1966) or even 50 (Foster,1969c}. The most import
economic secondary effect is an increase in the time required to manufacture
unit weight of sugar; this reduces the capacity of the factory so that the
milling rate has to be reduced. Other secondary effects are observed; the
walls of the heaters and evaporators scale up more rapidly and lead to a poor
heat transfer, further aggravated by the increased viscosity; the increase

in processing time leads to greater loss of sucrose by inversion.

In addition to its effect on overgall rate of sucrose crystallisation,
dextran also alters the shape of the crystal. HNormal sucrose crystals are
monoclinic, sphenoidal and slightly elongated along the b-axis (ratios
a=b=c = 1.26:1.00:0.88), but crystals derived from deteriorated cane juice
in raw sugar factories are often needle-shaped and elongated along the c-zxis
(Allen,1966-67; Moritsugu,1966; Keniry,Lee & Davis,1967a; Sutherland,1968;
Leonard & Richards,1969). Apart from the undesirability of this c;vstal
shape from the view point of customer acceptability, it also reduces the
gficiency of purging the massecuite in the centrifucuals to separate molasses
from crystals.

The increased viscosity of massecuites leads to an extension of time
required for crystallisation and centrifugation and a reduction in factory
capacity. The exhaustability of massecuites is reduced, which causes an

increase in the purity and amount of sugar lost in final molasses (foster et

al,1957; Boyes & Wilson,1964; Cross,1966; Keniry et al,1967a).
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The accumulation of gums in molasses is thought to be responsible for
the phenomenon of 'stickiness! and occasional gelling of molasses in transit,
which causes severe handling problems (Roth,1958). furthermore, the efficiency
of molasses as a raw material for alcohel production may be reduced (Cross,
1966) .

Raw sugar produced from deteriorated cane is sticky, and difficult to
handle, dry and pack (Tantaoui,1952). The presence of 'gums' reduces its
filtrability (Davis,1959; Boyes & Wilson,1964; Foster,1969c), which is highly
undegirable from the viewpoint of the sugar refiner. Recent evidence from
Japan reports that many of the aforementioned effects, observed in the
manufacture of raw sugar from deteriorated cane, may be duplicated in the
refinery when such sugar is processed (shirasaki & Kamoda,1966; Kamoda,Cnda,
Ito,Shirasaki,Miki & Ando,1968). It was shown that these effects could be due
to ccclusion of gums in the raw sugar crystal (Yamane,Suyuki,Kaga & Takamigawa,
1968). Raw sugars which produced these effects were obtained from Australia,
Cuba and S.Africa.

With the current trend towards establishment and enforcement of a system
for standards for sugar, and the incurrment of penalties for failure to comply
with these standards, manufacturers of raw sugar are becoming very conscious
of the need to improve the quality of their product. This has stimulated
recent interest in the nature, cause and effects of soluble polysaccharides
in sugar products.

D Soluble Polysaccharides in Cane Sugar Mgterials

Foster et al (1957) isolated a polysaccharide from viscous Australian
molasses and showed that its hydrolysate contained glucose 73%, xylose 26%,
and nitrogenous matter 1,1%. This material constituted 1.4% of the original
molasses, and when a further 1.5% of polysaccharide was added to the molasses
the viscosity of the latter was doubled.

Nicholson & Lilienthal (1959) isolated and characterised a polysaccharide
from stored whole-stalk, cut cane. The polysaccharide was highly dextroratory

22

( () D+ 1930 to 2020) and contained only glucose after hydrolysis; it

contained the following a-glucosidic linkages :- 1-6, 2%; 1-4, 60%; 1-3,0-1%.



This 'dextran' was significantly different from L.mesenteroides dextran and

was not associated with growth of this organism; it tended to occur late in
the harvesting season, after rain. It was attacked by salivary amylase but
not by bacterial a-amylase.

Two polysaccharides were isolated from sugar mill syrups and investigated
by Sutherland (1960a,b). One was present in all syrups and was found to be
a hemicellulose, probably derived from the cane plant cell walls. It con-
tained principally galactose, glucose and arabinose, with small amounts of
xylose and rhamnose; its optical rotation was + 570 to + 980. The other
polysaccharide was only isolated from syrups of high viscosity, and contained
principally glucose with a trace of arabinose; its owntical rotation was
+198° to + 240°. TIts electrophoretic mobility was close to that of

L.mesenteroides dextran but differed from the dextran of Nicholson &

Lilienthal (1959).

In Louisiana the soluble polysaccharides of sugarcane and its nroducts
were studied by Roberts, Jackson & Vance (1964). Juice from freshly-cut cane
contained only one type of polysaccharide, which possessed a negative specific

20
rotation ( (a) D - 450 to 470), and was assumed to be the natural poly-
saccharide of cane. It was insoluble in 75% ethanol and its molecular weight
was “—~2 million. Sugarcane products (juice, syrup, molasses and sugar) con-
tained a mixture of polysaccharides which exhibited specific rotations ranging
from + 380 to + 1610; about two-thirds of this complex was alcohol-
precipitable and non-dialysable, whilst one-third was not alcohol-
precipitable but was dialysable. Upon hydrolysis all the polysaccharides
yielded glucose, fructose, arabinose, xylose, rhamnose, fucose and galactose.

Keniry et al (1967a,b) studied the formation of 'dextran' in mechanically-
harvested, chopped cane in Queensland, using the'hage analysis' technique.
'Dextran' was not detected in fresh cane, but was formed rapidly in cane

infected by L.mesenteroides. ©Significant correlations were obtained between

the 'dextran' content of syrups and purity of f{inal molasses made from it, andg

'dextran' content of low-grade massecuites and c-axis crystal elongation.



However, their meth o : f s oo .
' ’ 4 od was not specific for dextran. It has since been

r hir R a
reported by Foster (1969a) that 'destran is sometimes detectable in fresh
cane by this method; this appears to be due to formation of a polysaccharide
not of bacterial origin, possibly caused by burning or overmaturity of the

cane.
Sutherland (1968) and Sutherland & Paton (1969) made a detsiled study of
the effects of dextran from various sources on crystal elongation of both

pure sucrose solutions and process materials. It was clearly shown that

L.mesenteroides dextran and dextran from sour, chopped cane promotef marked
crystal elongation; a concentration of only 0.25% dextran on sucrose doubled
the c-azis elongation. Other polysaccharides, including starch and a dextran
with a low percentage of o ,1=6 linkages isolated from stored, whole-stalk
cane, did not promote elongation. The latter, however, produced a marked
increase in viscosity of syrups.

Leonard & Richards (1969) isolated and characterised the polysaccharides
present in syrups and molasses derived from deteriorated, chopped cane, znd
studied their effects on crystal elongation. liolssses derived from burnt
cane contained two polysaccharide fractions, separated by precipitation with
45% ethanol and gel-permeation chromatography. The low molecular welght
fraction was not precipitated by 45% ethanol and did not cause crystal elongza-
tion; its hydrolysate contained sugars in the following relative amounts :-
glucose 5; gzlactose 4.4; arabinose 1.8 and xylose 1.0. The major component
was a high molecular weight fraction insoluble in 45% ethanol, which caused
significant crystal elongation; its hydrolysate contained glucose with only
trace amounts of galactose, arabinose and xylose. This fraction was further
separated into three fractions, 4, B1 and B2, 21l of which produced crystal
elongation. Fraction A contained mainly glucose with trace amounts of
ealactose, mannose and arabinose, whilst B1 and B2 contained only glucose.
None contained starch when tested with iodine. It was concluded that B1 and
B2 were glucans, probably dextrans, and that oligosaccharides did not by
themselves cauce crystal elongation.

A crude, alcohol-precipitable, dextrorotatory polysaccharide was
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Bruijn (19662,9;1970) investigated the polysaccharide formed in
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retios of the oligosaccharides maltotriose and maltotetroce. It was also

attacked by salivary amylase, but not by bacterial a-amylase. Formation of
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the polysaccharide, named 'sarkaran', was enhanced by dry storage conditions,

and it was not associated with growth of L.mesenteroides.
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Finally, Yamoda et al (1968) studied the relationship between crystal
shape of raw suzars and thelr content of various impurities, includinz gum,
starech, silica, phosphate and oligosaccharides. 1t was shown that occluded
oligosaccharides and 'gums' were the cause of c-axis crystal elonga

nanese reiineries.
It ig apvurent from these results that sugarcane and its proaucts can
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sing time (normal processing time is 2-3 davs). The results for the
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veriods 26th April - 19th July, 1969, and 28th February to 28th March, 1970,
are shown in Fié.VlI,B. otatistical analysis showed that there was a signifi-
cant positive correlation (r = 0.557, p = .02). The variance ratio F was
6.75, which was significant at the 0.02% level.

It was concluded that high dextrasn levels may czuce significant losses
of sugar to final molasses. However, during 1969 the cane guelity deteriorated
due to overmaturity duringtne period studied, which may alec have contributed

to the correlation.

c) Physical properties of gums from sour cane organicms Dextrans pro-

QO

duced by Leuconostoc mesenteroides are known to show wide varistions

in ohysical properties such as viscosity, water solubility and optical
rotation (Jeanes, 1965). These differences are ascribed to variagtions in
molecular weight and degree of cross-linking. Since manv different strains

of L.mesenteroides and other gum-producing lactic acid bacteria were isolated

from sour Jamaican cane, it was desirable to study the vroperties of gums
obtained from some of these organisms, in order to estimate their relative
effect on factory processing qualities, particularly viscosity and reaction

to the 'haze analysis' technique of ‘'dextran' determination.

The following organisms were selected :— L.mesenteroides strains 16b,&G7,

70a and L20; Lactobacillus confusus, 123a. The methods of gum production,

extraction and purification were those of Jeanes (1965). Cultures were grown
in a sucrose liguid medium until high viscosity was observed. The gums were
orecipitated from centrifuged supernatants with 3 volumes of ethanol,
purified by re-precipitation and washing in ethanol, concentrated by vacuum
evaporation andlfinally freeze-dried. UHoisture contents were determined, and
standard agueous solutionsof pure gum were prevared for testing. Absolute
viscosity was determined by the method described in Chapter II, and the
optical dencsity of 50% ethanol suspensions was determined at 720 nm by the
'haze analysis' technique of Keniry et al (1967a,b}.

The specific rotation of the gum from L20 was found to be (a}2§ +198.2°,
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Acid hydrolysis of this gum followed by paper chromatography showed that

glucose was the sole detectable wonosaccharide. It is likely that this gum
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igs a dextran.
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Three of the L.uesenteroides isolates produced a water-insoluble gum

which was al80 separated, purified and examined; these samples carry the
suffiz 'x',

The results for viscosity are shown in Table VII,5, and for haze analysis
in Fig.VIL,%.

Wide variations occurred between different strains in viscosity and
optical density by'haze analysis' at identical gum concentrations. This
variation probably explains the low correlation coefficients obtained between
dextran, gum and viscosity in Chapter III1. The haze anlalysis results indicate
that the use of this technique for estimation of dextran content may lead to

errors, since the response of dextran from different strains of L.mesenteroides

is not identical. The standard curve for use in this test must be prepared
with a dextran of known, standard properties in order to obtain meaningful
results. However, Keniry et al (1969) found that a reduction in molecular
weicht of dextran from 2 million to 110,000 did not alter the response to

‘haze analysis'.

Absolute viscosity cp(250C)

Urganism No. 0.5% w/v gum 0.1% w/v gum
Leuconostoc mesenteroides L20 1.522 0.983
1" " 16b 1.106 0.957
n 1 16bx NT 0.977
" 1 G7 1.273 0.962
" " G7x 1.146 0.933
" " 70a 1.151 0.93%2
n " 70ax 1.008 0.947
Lactobacillus confusus 123%a W 0.940
3aciilus subtilis 75 NT 0,923
Coliform bacterium 110 NT 1.361

o \
(absolute viscosity of pure water at 250 C = 0.895 cp)

Table VII,5. . Viscosities of agueous solutions of pure szums

obtained from various sour Cane organisms .




1.2

1.0

0.8

0.6

0.4 .

0.2

Optical density at 700 my

KEY
© Q
O————0
® ®
X-= === X
X——X
+—+
O----0

L 20
G7

16 bx
70 @

123 a
16 b
67 x

70 ox

——-——

Pig.111,9.

Gum concentration
mg. gum per 10 ml. final test solution

The relationship between gum concentration and optical
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Tt was conclud . )
It was concluded that the effects of sour cane on viscosity of factory

process materials will vary with differences in strain of the infectins
- - h o -bales

organism.

C. CONCLUSTIONS

1.  Attempts were made to estimate the qualitative and guantitative economic
losses caused by post-harvest deterioration of sugar cane, and in particular,
losses due to sour cane.

2. The rate ofloss of recoverable sugar in harvested cane was calculated
from data obtained in Chapter III. The mean daily loss in recoverable sugar,
expressed as a percentage of the original, was 4.75 % for variety B4362,
averaged over the period April - July 1969.

% Bill-to-mill times were assessed for the Frome 1969 cropn, and mean times
taken in component unit operations were calculateoa. The most delay occurred
between cutting and loading. The mean bill-to-mill time was 41.1 hours.
Frequency distributions of age of cane at harvest were plotted for both the
1969 &nd 1970 crops.

4. The loss of recoverable sugar in cane due to post-harvest deterioration
was estimated to be 9.% of the original for the Frome 1969 crop. In
monetary terms the gross value of these losses was £340,000. when allowance
was made Tor normally acceptable losses due to transport of cane from the
field to the factory, these losses were reduced to £142{00 (4.01%). Losses
due to souring and staling of harvested cane could not be separated.

5. The mean dextran content of mill juices at Frome during 1969 and 1970
was determined and the frequency distributions plotted. This figure was

n
i

higher in April - July 1969 (0.41% Bx) than in Harch 1970 (0.34% Bx). PFarmers'

cane had a higher dextran content than Hstate cane.

6., A positive correlation existed betweeen mean weekly rainfall and mean

X - ) . 59 eron.
weekly dextran content of mill juice at Frome in the 1969 crox



T A slight but eignificant correlation existed between the Leuconostoc
count of mixed juice end its dextran content at Frome during March 1970.

8. Harked c-axis ergstal elongation was observed in C-massecuites during
June-July 1969, but it was not correlated with dextran content. During
karch — April 1970 little crystal elongation was detected when dextran

contents were lovw.

Mh A e -+ .. .
9. There was a significant positive correlation between the dextran content

and viscosity of syrup.
10. A significant positive correlation existed between the dextran content
of mill juice and the puyity of final molasses derived from it.

11. The dextran content of cane entering the factory at Frome in 1969 was
consid ered to be sufficient to cause harmful effects on the process, leading
to reduced throughput and recovery of sugar. guantitative data was not
obtained.

12, Some physical properties of gums obtained from pure cultures of

Leuconostoc mesenteroides isolated from sour cane were examined. They

exhibited significant variations in viscosity and reaction to the 'haze

analysis' method of dextran determination.
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CHAPTER VIIT CONTROL METHODS

A. INTRODUCTION

Research on the biodeterioration of harvested sugarcane caused by

L. mesentercides has provided information which is essential for the logical

development of control methods. It was shown that L, mesentercides occurs

naturally in the soil of cane-fields, and on the outer surface of standing
cane stalks. Infection of the cut ends occurs at harvest by contact with
contaminated cutting instruments and the soil; the degree of infection is
increased by rainfall and mechanical damage. The organism multiplies
within the stalk during the transport and storage period prior to milling,
and causes undesirable changes in juice composition. The extent of these
changes is directly proportional to the delay between cutting and grinding
of the cane. The principal economic effects are loss of sucrose within the
stalk and a reduction in factory efficiency due to dextran in the juice.

The objectives of control methods should be one or more of the following:-
to prevent or minimise initial infection; dinhibit or minimise growth of the
organism after infection; prevent the milling of deteriorated cane of poor
processing quality, and remove harmful substances from the juice before
processinge.

The fundamental requirements of any control method are that it should be
effective; physically practical on an industrial scale; economic, and not
detrimental to the product, the consumer, the process or the mechanical plant.

These facts are considered in the brief, critical survey of possible
control methods given below.

1, Biological Methods

a) Resistant Varieties

The selection and breeding of disease resistant varieties is widely
practised in the sugar industry (Martin, Abbot & Hughes, 1961).  However,

since it igs not known whether L. mesenteroides is a plant pathogen or a

saprophyte, the validity of this approach to prophylaxis of sour cane remains

to be established.



In Louisiana it was observed that varietal differences exist in susceptib~-
ility to freezing and post-freeze deterioration (Irvine, 1968), Similarly,
it is well known that some cane varieties deteriorate more rapidly than others
after normal harvest. dowever, it is not known whether these differences
are due to variations in resistance to infection, mechanical damage, drying—
out, or autolysis.

Research on this topic was not attempted here.

b)  Engzymic Treatment

One of the major economic losses caused by sour cane is a reduction in
factory efficiency, due to the presence of certain polysaccharides (Chapter
VII). Two main types of glucan polysaccharide are thought to be responsible;
one is dextran, containing 80-95% (1-6) and 5-20% (1-4) o~-glucosidic linkages,

derived from the action of L. mesenteroides on sucrose in sour cane; the

other is "sarkaran" (Bruiin1966b; 1970), containing 25% (1-6) and 75% (1-4)
o-glucosidic bonds, derived from natural enzymic changes in the stalks of
stale cane.

These polysaccharides are not removed by the normal juice clarification
process in the raw sugar factory. They can be hydrolysed by heating with
acids or alkalis, but this treatment would also invert sucrose. Dextran
can be slightly broken down by ultrasonic waves and ultraviolet light (Watson
& Wolff, 1955), but this is not efficient. Removal of polysaccharides by
molecular sieves, dialysis or reverse osmosis is theoretically possible, but at
present these techniques are not suitable for application in a raw sugar factory.

Many polysaccharides are rapidly hydrolysed by specific enzymes, e.g. the
action of various amylases on starch. Some enzymes are commercially availzble
in large quantities at low cost, and are finding increased application in
industry. In the sugar industry, bacterial amylases are used in South Africa
to remove starch from cane syrups (Bruijn& Jennings, 1968) . The advantages
of enzymes are that they usually have mild optimum conditions of temperature
and pH; they are specific; they are effective at low concentrations, and are
usually non-toxic. The main disadvantages are that enzymes are easily

'poisoned® by certain chemicals; they act only within narpow limits of
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temperature and pH, and they may be expensive.

The literature reveals that the extracellular enzymes of certain moulds
are able to attack dextran (Tsuchiya, Jeanes, Bricker & Wilham, 1952).
Interest has recently been renewed in these enzymes ("dextranases", endo—g~1-6
glucanase, E.C.3.2.1.11.), because they appear useful in the prevention of
dental caries (Bowen 1968). No prior work has been reported on the use of
dextranase to depolymerise dextran in sugar factories. Davies (1959)
speculated on this possibility, but did not investigate the subject because
it was thought to be uneconomic. However, since then the possibility of
dental application has led to large~scale manufacture of cheaper enzyme.
The mode of action of various microbial dextranases on dextran was recently
discussed by Bretschneider and Copikova (1969) . They attempted unsuccessfully
to remove dextran from beet sugar diffusion Juice with bacterial o-amylase,
but did not try dextranases, Research on dextranase was therefore initiated.

Enzymic hydrolysis of ‘*natural' polysaccharige ("sarkaran") was first
examined by Nicholson & Lilienthal (1959); they found that it was completely
hydrolysed by salivary amylase but was not attacked by bacterial o-amylase.
Bruijn (1970) recently confirmed this, but showed that pullulanase was even
more effective.
2 Physical Methods

Many methods of food preservation are based on a modification of the
environment which inhibits undesirable microorganisms, e.g. temperature, pH,
relative humidity, oxygen content. A knowledge of the structure and
physiology of the microorganism aids selection of the best control method,

L. mesenteroides has been studied in detail by many workers interested
in the commercial production of dextran from sucrose (Jeanes et al. 1948;

. 0
Jeanes 1965). L. mesenteroides grows in the temperature range 5 -~ 40°C, the

optimum for dextran formation being about 2200 \VWhittenbury 1966) . Most strains
survive exposure to a temperature of 5500 for 15 minutes, and some survive
after 30 minutes (Garvie 1960) . The pH range for growth is about 7.5 to 3.5;

the optimum for dextran formation is 6.5 - 4.5. Little information is
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available on the effect of equilibrium relative humidity (ERH) or water
activity (aW) on Leuconostoc. It grows well in a 10% sucrose solution, and
tolerates 3% NaCl but not 6.5% NaCl (Garvie 1960) . Spores are not forumed.
It is microaerophilic and catalase negative, but can grow aerobically and
anaerobically.

The physical conditions of cane juice inside the cut stalk are almost
ideal for growth of Leuconostoc, and the chemical composition of the juice
is nutritionally adequate.

Inhibition of growth of Leuconostoc inside harvested cane by modification
of environmental conditions during storage does not appear feasible. This 1is
because treatments would need to be applied at each field where cane is
harvested, prior to storage and transport; there is no central storage depot.
At Frome the factory grinds about 3,000 tons of estate-grown cane per day.,
continuously day and night for seven months. This cane is harvested from
about eight cane fields per day of average size 10O acres, distributed evenly
over an area of about 50 square miles. These considerations preclude the
storage of cut cane at low or high temperatures or the use of hot-water dips
on site. pH modification would require drastic treatment because cane juice
is well buffered; such treatment would also accelerate sucrose inversion.

It did seem feasible, however, to inhibit Leuconostoc by dipping the cut
ends of freshly-harvested cane into a solution of low water activity. This
was studied, using dilute molasses.

Sterilisation or 'pasteurisation! of harvested cane by irradiation is
excluded for practical reasons similar to those described above. However, in
view of evidence that alternating electromagnetic waves of high intensity
were selectively inhibitory to Leuconostoc (Laser 1968), some work was
carried out on this topic.

3 Chemical methods
The application of bactericidal or bacteriostatic chemicals active against

L. mesenteroides was considered. These could be used to prevent infection

by killing Leuconostoc in its primary sources, (i.e. so0il or on the cane plant)

or on the vectors of infection (cutting instruments) . Alternatively, they
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could be applied to the harvested stalks to inhibit growth after infection.
The use of biocides in the mill to retard inversion in extracted juice was
considered to be a problem in factory hygiene outside the scope of this thesis.

A major constraint on the use of bactericides is that they could persist
throughout the factory process to the final products, raw sugar and molasses.
These are foods and hence subject to strict legislation; therefore, low human
toxicity is a fundamental requirement of any chemical under consideration.

Treatment of soil in cane fields or the surface of standing cane stalks
prior to harvest could only be achieved by aerial spraying of bactericides.
This technique is routinely used for application of fertilisers, fungicides,
weed~killers and insecticides to cane fields, but is only effective on the
cane leaves. It was not considered to be a practical proposition for
bactericides because the dense surface leaf area would prevent adequate
penetration of soil or cane stalks.

Egan (1965b) investigated several germicides and antibiotics applied as
a dip or soak to the cut ends of freshly-harvested, chopped-up cane billets.
Screening tests showed that gquaternary ammonium compounds (Q.A.C) and penicillin

were most active against Leuconostoc 'in vitro'. The Q.A.C. were not

effective in the 'in vivo' trials, however, due to failure to penetrate the
stalk., Penicillin was effective, but industrial use of this antibiotic 1is
precluded on ethical grounds. However, penicillin is used in India to control
inversion in extracted juice in the mill (Anone 1969a).

Fungicidal dips of machetes and cane setts prior to planting are used to
control certain diseases of cane (Martin et al 1961) . However, these
fungicides act as prophylactics in the prevention of infection, whereas in
post-harvést control of Leuconostoc, infection has already occurred.

Application of Q.A.C. sprays to the chopper blades of a mechanical
harvester during operation and cane in the machine did not retard spoilage of
the billets, probably because the film of chemical was wiped off as the blades

chopped the stalks (Egan, 1965Db).
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Partial success was achieved by formaldehyde fumigation of chopped-cane
stored in bins (Egan l968a), but the treatment was regarded as uneconomic.
This method is not applicable to manually-cut, whole-stalk cane in Jamaica.

Finally, recent work by Alexander (1968) showed that silicon in the form
of sodium meta-silicate inhibited the invertases of the cane plant both ‘in
vitro' and 'in vivo'. It also inhibited microbial inversion of sucrose in
extracted cane juice, and on this basis it was recommended for use as a
sanitation aid in the mill. Alexander suggested that this chemical may be of
use for inversion control in cane both before and after harvest, since it is
easily absorbed by plants, safe to handle and inexpensive. Unfortunately
this publication was too recent to enable this suggestion to be evaluated in
the present thesis.

4, Modification of harvest, storage and transport practices

The most obvious solution to the problem of post-harvest biodeterioration
of cane is simply to mill the cane before significant deterioration occurs.
This solution was found to be the only practical method of minimising 'sour
storage rot' in mechanically-harvested, chopped-up cane in Queensland.

(Allen 1967; Bgan 1968b, 1969; Fost 1969b). Storage of chopped cane over
the weekend was discontinued, and the logistics of cane transport were
improved by computer control. The objective was to ensure that chopped cane
was milled within 12-24 hours of harvest.

In Jamaica, where cane is manually-cut in whole stalks, the rate of
post-harvest deterioration is slower; this cane should be milled within 2i.-2b
hours of harvest to prevent significant economic losses. (Chapters IIT and
VII). At Frome Estate time studies carried out since 1964 show mean annual
"pill to mill" times ranging from 34 to 45 hours, but a significant proportion
of the cane was more than 48 hours old posi-harvest (Anon 1968). Analysis of
unit operations revealed that the greatest saving in time could be made by
reducing the time lag between cutting and loading (about 21 hours on average).
The logistics of these operations are extremely complex, however, and plans

are constantly disrupted by unforeseeable events such as mechanical breakdowns,



heavy rainfall, labour disputes, etc. The introduction of mechanical harvesters
will stress the need for even closer control of bill-to-mill times.

Various other practices in the growth, harvest, storage and transport of
cane may help to minimise deterioration losses. These include prevention of
disease, minimisation of mechanical damage, and elimination of trash and soil
in storage piles. Elimination of pre-harvest burning of cane is also
desirable. Recent emphasis on the prevention of atmospheric pollution in the
United States suggests that burning of cane-fields may become illegal.

Be Penalty Systems

A possible method of reducing bill-to-mill times and the degree of post-
harvest biodeterioration is to introduce a penalty system based on cane
quality. This necessitates a routine quality control test on each batch of
cane entering the mill which estimates either its degree of "sourness" or
processing quality. Unsuitable cane would be rejected, and the grower would
be penalised by loss of income. This would provide positive incentive to
the grower to supply fresh cane. Furthermore, a graduated scale of penalties
could be imposed, related to the degree of estimated deterioration.

In Jamaica and many other countries, cane payment is based on a formula
which is computed from the sucrose content of the cane as received at the
factory. Growers would receive additional incentive to provide fresh cane
if it was fully realised that cane deterioration causes loss of sucrose and
hence loss of income..

Many papers have been published on the search for a quality control test
that accurately estimates either the age of cane post-harvest, its degree of
deterioration, or its processing quality. The additional requirements of
such a test are that it should be rapid; acurate; reproduceable; sensitive;
simple and inexpensive.

The changes that occur in juice composition during post-harvest storage
were discussed in Chapter III. Briefly, these are a reduction in sucrose
content, purity, and pH, and an increase in reducing sugars, acidity, "gums",

dextran, and microorganisms.
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Esrly work in Louisiana favoured the use of titratable acidity (Fort &

Lourdtzen19%8a) with freeze-damaged cane. This was also studied by Irvine &

Davidson (196%) and Irvine (1964). Fort & Lauritzen (1938a) recommended
Moycess acidity", which determined volatile acids, because this overcame
variations in natural pre-freeze titratable acidity; acetic acid was the
principal volatile acid accumulating during post-freeze deterioration. Later
Priloux, Cashen & Cangemi (1965) demonstrated that lactic and acetic acids
were the sole cause of this increase in acidity. pH was a less sensitive
indicator of deterioration in these conditions.

Increases in "gum" content were found to be mainly responsible for
processing difficulties in juices from frozen cane (Fort & Lauritzen 1938D;
McCalip & Hall 1938; Irvine 1964; Friloux et al 1965). Irvine & Friloux
(1965) found that gum content was a better indicator of deterioration than
titratable acidity. They used a method based on alcohol precipitation
followed by colorimetric determination of total sugars (Roberts & Friloux 1965).
Similar conclusions were reached by Egan (19663 1967b) for chopped-cane in
Queensland and Bruijn (l966a) for whole-stalk cane in Natal; the latter used
a gravimetric method of gum determination. In India, Gupta, Juneja & Shukla
(1968) also reported favourably on the use of gum content as a deterioration
indicator.

"Gums" include all alcohol-precipitable polysaccharides, many of which
are found in fresh cane in amounts which vary with variety, age, soil and
season., Another disadvantage is that the methods of analysis are time-
consuming. Most recently, Keniry, Lee & Davis (1967a; 1967b) studied the
dextran content of chopped cane and found that it was superior to either gum
or lactic acid content as an indicator of processing quality. They used a
rapid, simple turbidimetric technique based on the "haze analysis" method of
Nicholson & Horsley (1959). "Dextran" was defined as the material precipitated
by 50% ethanol from a starch- and protein-free solution of cane juice. Its
main advantage was the claim that it was produced solely as a metabolite of

L. mesenteroides and hence was not present in fresh cane. Unfortunately,
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more recent evidence by Foster (1969a) showed that fresh cane occasionally
contained high levels of “dextran" when determined by haze analysis. It

seems probable that this "dextran" is the natural cane polysaccharide "sarkaran"
previously discussed. If so, the value of the test is not necessarily

reduced, because sarkaran is also thought to interfere with processing quality

(sutherland & Paton 1969).

Various other parameters have been investigated but were found to be less
suitable, e.g. alcohols, non-volatile organic acids, and amino acids (Bruijn
1966a) and pH (Egan 1966; 1967b).

Sucrose and reducing sugar content are of little value in estimating
degree of deterioration unless their original values in fresh cane are known,
but this is seldom the case. Furthermore, sucrose determinations based on
polarisation measurements become unreliable in badly deteriorated cane, due
to interference by other optically active metabolites, (Tantaoui 1952) .
However, cane juice of low purity is generally regarded as undesirable. At
Frome, the minimum acceptable purity is 79.0. At present this is the sole
basis for rejection of poor quality cane. Since apparent purity is usually
higher than the true purity in sour juice, due to the dextrorotatory properties
of dextran, poor quality cane frequently passes this standard. This fact
stimulated research to find a better alternative quality control test.

A recent paper by Serbia (1966) describes a formula called the 'deteriora-
tion index' (D.I.) which is used to estimate the degree of deterioration of

incoming cane in Puerto Rico. It is calculated from normal process control

analysis of crusher juice pol and brix. The D.I. showed a very good correl-

atinn with final molasses purity, and enabled accurate estimates to be made

of yield of sugar from cane. It therefore seems promising and would Justify

further investigation.

The best estimate of degree of microbiological deterioration of cane is

probably a viable count of spoilage organisims, using selective media such as

STATA for Leuconostoc and lactobacilli.  This technique is valuable for
Leuconostot

confirmation of spoilage, but is not suitable for quality control because 48

hours incubation is required. Total counts of microorganisms by direct

microscopic examination do not distinguish between spoilage and non-spoilage
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organisms, or between viable and dead organisms. Rapid methods of estimation

of microbial activity, such as dye reduction, are widely used in the milk
industry to gauge the bacterial quality of fresh wilk; the methylene blue

reduction test was therefore considered in this work. This application was
first suggested by Owen (1949). A similar test based on T.T.C. reduction is

reported to be in use in a Soviet sugar beet factory (Khodurskii & Chechel 1969 .

B. LRXPERIMENTAL

1. Biological Methods : Enzymatic Hydrolysis of Polysaccharides in Mill

Juices with Dextranase.

Unless otherwise stated, all experiments were carried out with samples of

freeze-dried dextranase obtained from cultures of Penicillium funiculosum.

The enzyme was kindly donated by Dr W.H.Bowen (Royal College of Surgeons,
Dental Caries Research Unit, Downe, Kent). Tts activity was 12 units/ng.,
where 1 unit is defined as the quantity of enzyme which liberates 1 mg.
isomaltose per hour from dextran at 40°¢, pH 5.1 - 5.4.

a) Laboratory experiments (Tate & Lyle Ltd., Research Centre)

(i) Effect of dextranase on pure L. mesenteroides dextrans. Initially it was

thought that dextranase might be used to assay the dextran content of cane juice
in a rapid quality control test. Tts effect on six different pure dextrans

from four strains of L. mesenteroides was therefore studied.

The pure dextrans were obtained from growing cultures of L. mesenteroides,

isolated from cane juice, by the method of Jeanes (1965); 1% (w/v) stock

solutions in 0.2 M acetate buffer, pH 4.6, were prepared.

The dextranase was a crude, liquid culture filtrate, activity 20 units/ml.

8 ml. dextran solution were added to 50 ml. 0.2 M acetate buffer, pH 4.6.

2 ml. enzyme was added, mixed, and 30 ml. removed for reducing sugar (R.S.)

determination (Luff_schoorl>, The remaining solution was incubated in a

water bath at 4300 for one hour, and again analysed for R.S. Solutions were

) . .
inactivated by heating for ten pinutes at 100 C prior to analysis.

The results are shown in Table VIII, 1.
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L megen?eroides fo R.S. formed % hydrolysis of
strain no. by hydrolysis dextran (maximum

yield = 0.133%) RS

L20 0.052 29,1

G 0.029 21.4

GT x* 0.003 2.3

16 b 0.004 3.0

16 bi* 0.010 7.5

70 a 0.019 14.3

Table VIII,1l. The degree of hydrolysis of pure dextrans of

L. mesenteroides treated with dextranase.

% dextran fraction insoluble in original 3¢J culture medium.

The enzyme is very specific, because its activity varies widely between

dextrans from different strains of L. mesenteroides. Similar results were

reported by Tsuchiya et al (1952), and Bourne, Hutson & Weigel (1962). The
method cannot therefore be used to assay dextran_content of cane juice, but
since it hydrolysed nearly 40% of one dextran, it may be of value for removal
of dextran from cane juice.

(ii) Determination of optimum temperature and pH for dextranase activity.

Various values of temperature and pH have been reported as optimal for

P. funiculosum dextranase activity. Some of these are given below:-

Optimum temperature °a Optimum pH Reference
40 4.0 - 5.5 Psuchiya et al (1952)
NT 5.25 — 6.5 Kobayashi (1954)
45 - 50 4.5 - 5.5 Bourne et al (1962)
30 - 40 5.1 = 5.4 Anon (1970)

The value of these cardinal points was jetermined for Dr Bowen's

enzyme in two experiments.

wffect of pH on velocity of enzvme reaction : Preliminary tests showed that

dextranase was most active in acetate rather than citrate buffer. A1l

subsequent work was therefore carried out in 0.2 M acetate buffer.
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Dextran (high molecular weight, food grade, Koch-Light Ltd.) was
dissolved in acetate buffers at pH values of 4.7 - 5.7 to give 0.22% w/v
solutions. The enzyme was similarly dissolved in the range of buffers to
give a concentration of 50 units/ml. 1 ml. ensyme was mixed with 9 ml. of
the corresponding dextran solution in test tubes held at 4000 in a water bath,
Replicate tubes were withdrawn after incubation periods of 2, 5 and 10 minutes
and the enzyme inactivated by immersion in a boiling water bath for two minutes.
The residual dextran content was determined by the haze analysis technique of
Keniry et al (1967a). Controls were run with additions of buffer instead of
engyme. The amount of dextran hydrolysed versus time was plotted at each pH,
and the initial velocity of hydrolysis was calculated from the slope of the
curve at zero time. The initial velocity was then plotted against pH. The
results are shown in Figure VIII,l. Each point is the mean of three
determinations.

Effect of temperature on enzyme velocity. The experiuent was similar to that

described for pH, except that all reactions were in acetate buffer at pH 5.0,
and the temperature of incubation was varied between %0 and 6OOC.

The results are shown in Figure VIiiL,2.

It was concluded that the optimum pH for dextranase activity is 4.9 - 5.1,
but good activity is obtained between pH 4.8 - 5,5. The optimum temperature
at pH 5.0 is 50°C, with good activity over the range 40 - 55°C.  These
conclusions are in general agreement with the figures given previously.

(iii) Effect of dextranase and its conditions of use on_sucrose.

P. funiculosum dextranase is specific for ol-6 linked glucosidic bonds; it is

an endo-enzyme which cleaves the dextran molecule at randon. The hydrolysis

products are isomaltose (45-5%%); isomaltotriose (7-22%); glucose (4-117%)

and higher oligosaccharides in a homologous series in small amounts

(isomaltotetraose, etc.) (Jeanes et al 1953; Bourne et al 1963).  These

products all possess the B configuration. Theoretically dextranase should

not attack sucrose, but it is possible that the reaction conditions used in

its commercial application in mill juice might cause some inversion of sucrose.
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The probable use conditions (discussed 1ater) are:—

Enzyme concentration - 3-12 units/100 ml Jjuice;
Reaction tinme - 15-60 minutes;
Temperature - 40—4500; pH ~ 5.0-5.5

Since inversion of sucrose would be a disadvantage, the effect of these
factors was studied in the following experiment:-

A synthetic 150Brix 'cane juice' was made up by dissolving 15 g. sucrose

(mineral water sugar, R.S. content less than 0.002%) in 85 ml. 0.1H acetate
buffer at pH 5.3 and distributed in 9 ml. aliquots into seven test tubes.
At zero time, 1 ml. dextranase solution (in acetate buffer) was added to three
of the tubes, to give final enzyme concentrations of 12 units /100 ml. juice.
1 ml. acetate buffer was added to each of the other four tubes. One of these
(= ‘control') was immediately placed on ice. The other six tubes were placed
in a 4OOC water bath. One tube of each treatment was removed after
incubation for periods of 15, 30 and 60 minutes, and placed on ice. Reducing
sugar formation was detected by paper chromatography using the silver nitrate
method of Trevelyan, Proctor & Harrison (1950). 40 microlitre spots of test
solutions were used; the standards contained 10 microlitres.

The chromatograms are shown in Figure VIII,3.

Reducing sugars were not detected in any of the test solutions or in
sucrose standards, theoretical maximum R.S. in the spots was 0.12 micrograms
and 0.03 micrograms in test and standard respectively.

It was concluded that treatment of sucrose with dextranase under the
given conditions does not cause significant formation of reducing sugars.
Therefore the probable method of commercial application of dextranase to
remove dextran from mill juice does not cause significant sucrose loss.

The effects of isomaltose and related homologous oligosaccharides on
sucrose recovery and crystallisation have not been studied, but they seem
unlikely to cause any harmful effects (for discussion sece Chapter VII).

b)  Factory Experiments (Frome Hstate, Jamaica).

A series of trials was carried out at Frome in 1969 and 1970. The

objectives were to assess the efficiency of dextranase in removal of dextran
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from extracted cane juice prior to processing, and to determine the optimum
reaction conditions for commercial application.

The most suitable stage in the factory process at which to add the enzyme
is the freshly extracted crusher or mixed juice, prior to clarification. Here
the conditions in the juice are nearest to optimal for the enzyme reaction,
i.e. temperature about BOOC, pH 5.0-5.6, sucrose content 12-2(%. Also,
dextran interferes with the next process stage, clarification, in which the
Juice is heated to ZZOOF and limed to pH 7.8. In the subsequent stages of
evaporation and crystallisation, the viscosity, temperature and pH are too
high. Therefore, all experiments were carried out on random samples of
crusher or mixed juice taken from the milling tandems and filtered to remove
coarse suspended matter.

(i) Preliminary trials, 1969 season. Dextranase was freshly prepared

in 0.2M acetate buffer, pH 4.7, and added to the substrate (crusher Jjuice,
C.J., or mixed juice, M.J.), in the ratio of 1 to 10 parts by volume.

Acetate buffer only was added to the untreated controls. The solutions were
incubated with occasional shaking in a water bath at 4300, for periods

ranging from 30 minutes to 1 hour. The enzyme reaction was then stopped by
the addition of 0.2 volumes 10% trichloracetic acid and dextran was determined
by the haze analysis method of Keniry et al (1967a).

In the first series, the final enzyme concentration was 300 units/lOO ml.
Juice; this was reduced to 30 units/lOO ml, in the second series, with a
constant reaction time of 30 minutes. Some juices extracted from stored
cane in experiments reported in Chapter III were also included.

The results are shown in Tables VIII,2 and VIII,3.

The mean percentage of dextran removed at an enzyme concentration of
300 units/100 ml. was 78.0%; this was reduced to 76.3%% when the enzyme
concentration was lowered to 30 units/lOO ml. and the reaction time shortened
to 30 minutes. The enzyme efficiency did not appear to be influenced by
initial substrate concentration in the samples tested. The mean result in

Table VIII,3 is reduced by three results which show less than 12% dextran

removal, compared with 19 results which exceed 500%. The Leuconostoc count
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Date Substrate Incubation Dextran % Brix % removal
Ziiitiz Control Test of dextran
7.7.69 cJ 60 1.310 0.574 56.2
9.7.69 cJ 45 0.308 0 100.0
MJ 45 0.186 0 100.0
10.7.69 oJ 60 0.286 0.101 64.7
MI(1) 60 0.349 0.018 94.8
MI(ii) 60 0.364 0.040 89.0
14.7.69 MJI(i) 40 2.080 0.431 79.3
MI(ii) 40 0.286 0.127 55.6
MI(iii) 40 1.430 0.047 96.7
MI(iv) 40 0.142 0.081 43.0
Mean (10 samples) 0.674 0.142 78.0

Table VIII,Z2. The effect of dextranase on the dextran content

of mill juices. Frome, 1969. Enzyme concentration

300 units/100 ml. juice.

CJ = crusher juice

MJ = mixed juice.
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Date Substrate Dextran % Brix % removal of
Control Test dextran
18.7.69  Bxp.50,day 10 0.365 0.354 3.0
"o52, " 4 0.549 0.554 0.0
o535, " 3 0.482 0.107 77.8
"S54, M 2 1.740 0.525 69.8
22.7.69 " 54, " 6 1.440 0.304 78.9
" 56, " O 0.268 0.238 11.9
CJ 0.714 0.171 76.0
MJ 1.390 0,250 82.0
23.7.69 MJ 1.350 0,240 82.0
MJ 0.807 0.096 88,1
MJ 0.517 0.050 90.5
MJ 0.268 0.029 89.2
24.7.69 MJ 0.500 0.009 98.2
MJ 0.318 0,010 97.0
29.7.69 MJ 0.467 0.046 90.2
MJ 0.980 0.483 50.7
MJ 0.677 0.153 7.4
MJ 1.044 0.388 62.8
30.7.69 MJ 0.754 0.247 67.3
MJ 1.260 0.380 69.8
MJ 1.038 0.363 65.0
MJ 0.608 0.043 92.9
Mean (22 samples) 0.797 0.229 76.3
Table VIII,3. The effect of dextranase on the dextran content

of mill juices, in a reaction time of 30 minutes.
Frome, 1969. Enzyme concentration 30 units/100 ml.

juice.

cJ
MJ

crusher Jjuice

Il

mixed Jiice

1l
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of these three juices was very low; it is therefore postulated that the

‘dextran' in these samples may have been sarkaren, rather than L. mesenteriodes

dextran, in which case the dextranase would not attack it so rapidly, if at all.

(ii) Purther trials, 1970 season. YMore extensive trials were carried

out at Frome during March/April, 1970. This period was dry, and the mean
dextran content of crusher juice was 0.34% Brix; this is lower than the
result of 0.41% Brix obtained during the previous crop, May/July 1969, when
the rainy season was in progress. (Chapter VII).

The test method was similar to that of 1969, except that the enzyme was
Buspended in 0.2M acetéte buffer, pH 5.3, and was added to the juice substrate
in a ratio of 1 to 100 parts by volume. The reaction temperature was
slightly reduced to 40°C.

The effect of a reduction in reaction time to 15 minutes on the

efficiency of dextran removal: 38 samples of mixed juice were selected at

random from the mill and treated with dextranase at a final enzyme concent-
ration of 30 units/lOO ml.juice. The reaction time was reduced to 15
minutes. The results are summarised in Table VIIT,4.

The mean % removal of dextran was 78.7%, which exceeds the 1969 result
of 76.3% at the same enzyme concentration. It was concluded that the
reaction time can be reduced to 15 minutes without any loss of engzyme
efficiency.

Again, enzyme efficiency did not appear to be influenced by substrate
concentration. Only four samples showed less than 12% removal of dextran;
the remaining 34 samples all exceeded 50% dextran removal. The variation
in degree of 'dextran' hydrolysis and occasional weak activity may be

explained by the high specificity of P. funiculosum dextranase previously

reported here, and in the work of Tsuchiya et al (1952) and Bourne et al
(1962). The enzyme specificity is probably related to the degree of cross
linking in branched dextrans. This is known to vary widely amongst different

strains of L. mesenteriodes (Jeanes et al (1954)). The proportion of

al-3 linkages is probably the controlling factor, since this link is not

attacked by dextranase (Bourne et al (1962)). Cane juice contains a variety
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Date Initial Dextran % Brix % Removal of Dextran
10.%.70 0,183 50.0
0.215 100.0
0.322 60.4
1205-70 0.393 0.0
0.306 100.,0
0.744 86.1
0.793 83,3
1%.3.70 0.175% 100.0
0.468 100.0
16.3.70 0.145 12.5
0'339 82a5
0.535 11.0
0.310 7.5
73470 0.270 93,7
0.441 9l1.6
0.446 71.0
0.760 64.5
18.3.70 0,488 100.0
0.185 100.0
0.058 100.0
0.241 92.5
19.7%.70 0,194 67.8
0,276 100.0
0,169 100.0
0.224 100.0
23.5.70 0,882 91.0
0,312 80.0
0,352 79.0
0.566 82,4
24.%,70 0.062 100,0
0.2350 100,.C
0.423 93.4
2.020 T4a7
25.%3.70 0,091 100.0
0.630 72.5
0.194 100.,0
0.143 100.0
26.3.70 0.660 72.1
HMean 0,400 78,7

Table VIII,4. The effect of dextranase on the dextran content of

38 samples of mixed juice, Frome 1970.

Enzyme concentration : 30 uni$s/100 ml, juice

- . 0
Reaction conditions : 15 mins. at 40°C
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of strains of L, mesenteroides (see Chapter IV) and hence the type of

dextran present will also be variable.

Ihe effect of a reduction in enzyme concentration on efficiency of

dextran removal at two reaction times; Fourteen samples of mixed juice with

dextran contents in excess of 0.4% Brix were treated with dextranase at
final enzyme cohcentrations of 12, 6 and 3 units/100 ml. juice; reaction
times were 10 and 20 minutes.

The results are given in Table VIII,5.

The mean efficiency of dextran removal was slightly less at 10 minutes
than at 20 minutes reaction time; this effect was more pronounced at the
lowest enzyme concentrations. In a reaction time of 20 minutes the mean
efficiency of dextran removal was independent of enzyme concentration down
to 3 units/100 ml.

At an enzyme concentration of 3 units/100 ml. juice the mean % removal
of dextran was 68.5% in 20 minutes reaction time. This result compares
favourably with commercial processes for enzymic removal of starch in
S. African sugar factories, using amylases (Bruijn & Jennings 1968).

The effect of some amylases and dextranase on the dextran content of

mixed juice. Cane juice may contain several types of polysaccharide that
will produce a ‘haze' with 50% ethanol in the method of 'dextran'
determination of Keniry et al (1967a) (Chapter VII). In a few samples of
mixed juice the 'dextran' content was not significantly reduced by
treatment with dextranase (Tables VIII,3 and VIII,4); this indicated the

possible presence of polysaccharides other than L. mesenteroides dextran.

It was not possible to study the nature of these polysaccharides at
Prome, due to lack of suitable facilities. However, it seemed likely that
the polysaccharide 'sarkaran' was present in some juice samples. Sarkaran
was shown to be a glucan containing 75% 1-4 and 25% 1-6 a-glucosidic bonds;
it was hydrolysed by salivary o-amylase but not by bacterial ag-amylase
(Bruijn, 1970) . Therefore it was decided to examine the effect of some
microbial amylases of different type on the 'dextran' content of Frome

mixed juice.
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L0 mins. 20 mins. 10 mins. 20 ming, 10 mins., 20 mins.

24,70 .T57 79.9  68.8 84.7 5.7 41.0 T5.6
5.4.70  .222 92.7% 87.4 100.0 100.0 100.0 100,06
54410 .529 93.7 857  100.0  87.0  94.5 9%.7
4.4.70 510 57.9 69.4 13.5 73.3  87.2  100.0
T-4.70  .803 54.0 48.5 46.3 57.0 44,0 56.2
9.4.70  .476 69.0 62.2 45.0 45.0 34.0 50.5
15.4.770  .621 56.5 58.5 64.9 74.1 79.7 79.7
14.4.70 .566 47.0 (60.7%) BT ey 65.6 (69.7%)
15.4.70  .548 (58.8%)  72.8 I NT (49.0%)  62.1
16.4.70 .676 (65.3%)  73.1 (75.6%)  80.9  (69.6%) 7T8.3
20.4.70 .654 7%.0 69.6 59.2 56.5 47.8 56.5
21.4.70 .610 51.4 57.7 48.7 55.1 39.6  (42.3%)
2%.4.70  .669 36.5 39.2 30.5 39.2 20.0 21.6
24.4.70 .672 72.0 77.5 68.0 69.2 62.5 69.2
Mean  .594 65.3 66.5 60.0 66.1 59.7 68.5
Tuble VIIT,S5. The effect of dextranase on the dextran content of
14 samples of mixed Jjuice, Frome 1970.
Enzyme concentrations : 12, 6 and 3 units/100 ml. juice

Reaction conditions : 10 and 20 minutes at 40°C

% Result obtained at 15 minutes reaction time,
excluded from calculations of the mean % removal

of dextran.

NT = Not tested.
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Amylases catalyse the hydrolysis of a 1-4 glucosidic links. q-amylases
1o 1, 4-glucan-4-glucanohydrolase, E.C,%.2.1.1.) produce products which have
the ¢ configuration at c, of the reducing group; they possess an endo-attack

mechanism and can by-pass o 1-6 links. (Robyt and Whelan, 1968). A fungal

o-amylase produced from Aspergillus oryzae (Novo II) and a bacterial

o-amylase of Bacillus subtilis (Nermanase MI) were chosen for study. Another

type of amylase is glucoamylase (a«l, 4—élucan-glucohydrolase, E.C.3.2.1.3.),
which splits successive a 1-4 bonds from the non-redicing ends of starch
chains, yielding glucose. (Reed, 1966). In addition it can hydrolyse

a 1-6 glucosidic bonds, although at a slower rate than 1-4 links. An

enzyme produced by Aspergillus awamori (Ambazyme PC25) was selected.

The effect of the enzymes on 12 samples of mixed juice with 'dextran'
contents in excess of 0.4% Brix was determined. The method was similar to
that described previously; the enzymes and reaction conditions are summarised

in the table below; optimal conditions for each enzyme were selected.

Type of Trade name and Enzyme Reaction Reaction pH of
Enzyme manufacturer Conc.PPM time in Temp.oC acetate
on juice minutes buffer
1. Dextranase Dr Bowen 10* 10 40 5.3
2. Fungal a-amylase Novo II;Globe
Products Ltd 10 60 50 5.0
3. Glucoamylase Ambazyme PC25;ABM 10 60 50 5.0
4. Bacterial
a-amylase Nervanase MT;ABM 10 60 80 5.6

* equivalent to 12 units/100 ml. juice.

The results are shown in Table V1Ii,6.

Dextranase removed a greater percentage of 'dextran' on average than
either of the amylases; fungal o—-amylase was marginally more effective than
the other amylases. In one sample (9th April) dextranase was much more
effective than the amylases, but the reverse was true on 23rd April.

Quantitative comparisons cannot strictly be made, however, due to the variety

of enzyme concentrations (in terms of activity units) and reaction conditions

which were of necessity used.
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Date Initial % Removal of Dextran with stated enzyme
) 2R (
Y extranase Novo II Ambazyme PC25 Nervanase MT
6 573 NT 61.0 53.9 65.8
.803 54.0 T76.2% 53.9% 48.5%
476 69.0 22.0% 22.0* 18.4%
11 .796 8l.3% 54.1% NT NT
13 .621 56.5 44,5 50.1 53.8
15 .548 58.8% 51.1 48.9 51.1
16 676 65.3% 56.5%% 61.0%* 69.6%*
17 .635 NT 64.,T** 64.7T** 63.0%*
20 .654 13.0 69.8 65.3 67.0
21 .610 5l.4 72.2 57.7 48.9
23 .669 3645 60.8 59.2 53.1
24 672 72.0 NT 64.0 60.2
Mean 644 61.8 57.5 54.6 54.5
Table VIII,6,. The effect of some amylases and dextranase on the

'dextran' content of 12 samples of mixed juice,

Erome, 1970.

*
it

15 mins. reaction time
*% 30 mins. reaction time

Not tested

1l

NT

I}
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The observed high percentage of "dextran" removal by the amylases is
difficult to explain. It is possible that the a~-amylases contained
impurities which were capable of hydrolysing ¢ 1-6 links in dextran, since
it was shown by Tsuchiya et al (1952) that a crude amylase of 4. niger
attacked dextran slowly; this could explain the results with Novo II
engzyme. The known ability of glucoamylase to hydrolyse a 1-6 links slowly
might explain the results with ambazyme PC25, since a comparitively long
incubation time (60 minutes) was used. Another possibility is that the
dextrans contained a relatively high proportion of o 1-4 links. Subsequent

experiments in the laboratory, however, showed that the three amylases did

not attack a pure L. mesenteroides dextran (Koch-Light, food grade) in 30

minutes reaction time. The observed activity of the bacterial a—amylase
(Nervanase MT) suggests that sarkaran was not a major component of the
'‘dextrans' in the samples tested. Finally, it is unlikely that starch was
present in the juices because they were filtered prior to test and the
filtrate did not give a blue colour with the iodine reaction.

Research on the polysaccharides present in cane juice is being
continued, both here and in Australia. In addition, the activity of the
enzyme pullulanase will be studied. This enzyme is specific for a 1-6
glucosidic bonds which are in conjunction with a 1-4 glucosidic bonds (Price
1968).

c) Economics of commercial application of dextranase.

Previous results showed that addition of 3 units dextranase to 100 ml,
mixed juice at its natural pH and a temperature of 4OOC reduced the
‘dextran' content by 60-70% on average in a reaction time of 10-20 minutes.

At Frome, the maximum intake of cane is 320 tons per hour. This would
yield about 72 tons of mixed juice per 15 minutes; at 140 Brix the volume
of this juice is about 15,000 gallons. The suggested method of application
of dextranase is to add it to mixed juice in a vessel of minimum capacity
20,000 gallons at a dose rate of 3 units/100 ml. juice; the vessel would

be located between the mixed juice scale and the weighed Jjuice tank, where

primary liming occurs. A suitable vessel is readily available in the form
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of a Dorr clarifier, which could easily be modified to heat the juice to
40-50°C by means of steam coils. Batch or continuous flow treatment
could be devised to guarentee a minimum retention time of 15 minutes.
The enzyme would only be used when quality control tests on incoming cane
revealed high dextran levels, e.g. in excess of 0.5% Brix. Discussions
held with senior factory staff at Frome suggested that such a process
would be acceptable from engineering and process aspects. Capital outlay
required for these modifications would be approximately £3,000, excluding
the cost of the Dorr clarifier, which is already installed and available.
The depolymerisation of dextran by dextranase would probably benefit
the process in several ways. Firstly, juice clarification would be
improved. Secondly, the viscosity of the process materials would be
reduced, thus leading to a faster throughput and greater exhaustibility of
molasses. Finally, the harmful effect of dextran on sucrose crystal
elongation would be reduced, thus leading to easier centrifugation and an
improved product appearance. The raw sugar would also be of better
refining quality. The overrall economic benefit is therefore an increase
in sucrose recovery and more rapid rate of production. The treatment does
not cause significant loss of sucrose by inversion, and the products of
dextran hydrolysis are not thought to exert any harmful effects on the
process.

Tt is stressed that these improvements are only predictions; the
enzyme was not available in sufficient quantities to enable even pilot-scale
trials to be carried out. Furthermore the test selected for measurement
of dextran removal did not yield information on viscosity changes in the
juice or the hydrolysis products.  Facilities for determination of the
degree of de-polymerisation or the identification of hydrolysis products
The 'haze analysis' technique was chosen for assay of

were not available.

dextranase activity in the factory tests because it was rapid, simple,

accurate and suitable for a routine quality control test. In these respects

it was considered superior to assay procedures based on viscosity decrease

or increase in reducing sugars.



b o

Keniry, Lee & lMahoney (1969) showed that reductions in the molecular
weight of dextran down to 100,000 did not influence the degree of 'haze'
formed in 50% ethanol, but no ‘haze' was formed with dextran of M.W. 10,000.
Since natural Leuconostoc dextrans are normally of high M.W. (1,000,000 or
higher) the test can measure a considerable degree of depolymerisation,
but does not indicate the extent of this below a M.W. of 10,000. However,

workers in other fields have shown that P. funiculosum dextranase rapidly

reduces the viscosity of L. mesenteroides dextran solutions (Hultin &

Nordstrom (1949); Kobayashi (1954); Charles & Farrell (1957)). Similar
results were reported with dextranases of bacterial origin (Ingelman (1948);
Sery & Hehre (1956)). The rapid breakdown of dextran into homologous low
molecular-weight oligosaccharides was demonstrated by Jeanes et al (1953)
and Bourne et al (1963). In view of this evidence it is most likely that
the predicted improvement in the process would occur in practice if 70% of
the 'dextran' were removed.

The economic losses caused by 'dextran' in the process are very difficult
to assess (see Chapter VII); accurate assessment must await the results of
future research. Application of dextranase would not, of course, replace
sucrose lost by deterioration in the cane prior to grinding in the factory.
An attempt has been made, however, to calculate the maximum cost of
dextranase which would be compatible with various levels of economic loss
due to dextran in the process. These calculations are given for a range
of values of the price of the product raw sugar, because this figure varies
continuously. It is governed by a complex set of factors which involve
the world price of sugar, the Commonwealth Sugar Agreement, and quotas.

The rate of addition of dextranase in the commercial process is

assumed to be 3 units/100 ml. mixed juice.

Therefore, 1 1. of mixed juice reguires 30 units of enzyme
Now 1 ton of raw sugar 1s obtained from approximately 10 tons of cane,
and 1 ton of cane yields about 2,000 1lb. of mixed juice.

Therefore, 1 ton of sugar is obtained from 20,000 1bs. of mixed juice.

Since 1 1b. - 0.454 litres,
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1 ton of sugar is obtained from approximately 9,000 litres of mixed juice

Therefore amount of enzyme required to treat 1 ton of raw sugar

= (9,000 x 30) units

= 270,000 units

The maximum cost of enzyme (shillings per million units) for economic
traatment of mixed juice, at different percentage losses due to dextran and
at various prices of sugar, is shown in Table VIII,7. This figure

excludes capital costs of plant and operating costs.

% Loss in sugar Value of raw Value of losses- Maximum economic cost of

production sugar per ton &£ per ton sugar engyme in shillings per
due to dextran £ million units
10 20 2.0 148
30 3.0 222
40 4.0 296
50 5.0 370
5.0 20 1.0 T4
30 1.5 111
40 2.0 148
50 2.5 185
2.5 20 0,50 37.0
30 0.75 55.5
40 1.00 74.0
50 1.25 92.5
l.o 20 0.2 1408
30 0.3 22.2
40 0.4 29.6
50 0.5 37.0
Tgble VIII,7. Maximum cost of dextranase for economic treatment

of mixed juice, at different % losses due to

dextran and various prices of sugar.
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At present, the average value of raw sugar produced at Frome is
£46-48 per ton. If the maximum loss in sugar production due to dextran is
10%, the maximum enzyme cost is 340-355 shillings per million units.

At least two manufacturers are known to sell dextranase in 1970; these
are Dextran Products Ltd., Scarborough, Ontario, Canada and Globe Products
Ltd., Accrington, Lancs. (UK agents for 'Novo' enzymes). Current prices
quoted for industrial grade enzyme are:-

Dextran Products Ltd., - 500 shillings per million units
Globe Products Ltd. - 236 " L " n

Therefore at current prices the commercial application of dextranase in
the sugar industry is an economic proposition at a sugar loss of 10% but
not at 5%. However, it seems probable that growing interest in the dental
application of dextranase will reduce prices to a more economic level.

This research has demonstrated the technical and economic feasibility of
removal of dextran in mixed juice by treatment with dextranase. This
application has been registered in a British Patent Application,

No. 55403/69 dated 12.11.69.

2. Physical Methods

a) Use of a molasses dip to reduce the water activity in cut ends of cane.

It was thought that brief immersion of the freshly-cut ends of cane
stalks in a solution of low water activity (high osmotic pressure) might

inhibit growth of Leuconostoc mesenteroides. Molasses was considered

suitable for this purpose because its high sugar content is inhibitory to
bacterial growth; it is readily available on sugar estates; 1t could be
largely recovered as sugar in the process, thus material costs would be
minimal; it is non-toxic and non—corrosive.

The effect of molasses on Leuconostoc was studied in two experiments at

the Research Centre.

(i) 'In vitro' determination of minimum inhibitory concentration (M.I.C.)
e L — B

Jamaican blackstrap molasses (800 Brix) was diluted in tapwater to a

range of concentrations from 60° Brix to 1.5° Brix. The solutions were
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sterilised in 10 g. aliquots in 1 oz ‘universal' bottles in an autoclave for

15 minutes at 15 1bs/sq.in.  Each bottle was inoculated with 0.1 ml.

overnight IRS broth culture of L, mesenteroides strain L20 (isolated from

sour cane), and incubated’for 48 hours at 30°C. The solutions were then

examined for growth of Leuconostoc by microscopic examination and by plate

counts in STA4A medium. The inoculum level was also determined.

The M-1.C of molasses for L. mesenteroides was opPrROWmately 30°8x.
The results are given in Table VIII,S8.

Molasses Growth observed Leuconostoc count/ml  Verdict - growth or

®Brix microscopically (plate count) death of organism
60 0 2.4 x lO4 some death
54 0 8.8 x 104 some death
48 0] 49 considerable death
42 0 14 considerable death
36 0 1.7 x lO6 slight death
30 1 1.0 x 107 no significant change
24 2 6.0 x lO8 slight growth
18 3 8.0 x 10° moderate growth
12 4 NT good growth
6 4 NT good growth
4 NT good growth
1.5 4 NT good growth
Table VIII,S8. The effect of pure molasses solutions on growth

of L. mesenteroides 'in vitro'.

Key to microscopic examination:— O = mno growth

Il

4 good growth

NT = Not tested

8
Inoculum count per ml. molasses = 1 x 10 /ml.
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‘44)  ‘'In vivo' test:
(i1) R ercrasee A mature cane stalk was aseptically harvested from

the greenhouse and cut info four 3-inch pieces. The billets were 'infected

by immersing one end in a 1:1,000 dilution of overnight culture of

.. mesenteroides L20 for five nminutes.

Slight vacuum was applied to the

distal end during infection, by means of a rubber tube attached to a water
vacuum pPumbe. This simulated the transpiration pull in a whole stalk and
facilitated infection, Five minutes after 'infection', the infected ends of
three billets were treated by immersion for five minutes in sterile molasses
solutions of 600, 50° and 40° Brix respectively. Vacuum was again applied
during treatment. The fourth stalk was the untreated control. The stalks
were incubated for 48 hours at 3000 and 92% R.H., then removed and examined
for Leuconostoc growth. Samples of pith, (ca. 1-2 g.), were aseptically
removed at a distance of two inches from the infected end. The pith was
weighed, blended in 100 ml. Ringers' solution in a Waring blender for one
ninute, and plated in STA agar.

The results showed that Leuconostoc counts exceeded 106/gm tissue in all
stalks; there was no detectable difference between the treatment and the
control.

It was concluded that immersion of the ends of infected cane stalks in
high Brix molasses was unlikely to retard growth of Leuconostoc in the stalk.
This may be due to failure of the molasses to penetrate the stalk, because of
its high viscosity. The method was therefore abandoned.

b) Effect of alternating electromagnetic wave energy on L. mesenteroides.

A communication from Dr. H. Laser (University of Cambridge, Molteno

d that growth of L. mesenteroides

Institute of Biology and Parasitology) reporte

was inhibited by exposure to alternating electromagnetic waves generated in an

instrument of his own design. Attempts were made to verify this finding in

this laboratory, using an instrument supplied by Dr Laser. Four strains of

) . wer
L. mesenteroides and two Lactobacillus SP.s isolated from sour cane, were

S ——————— R ———————

tested. A loopful of overnight broth culture was inooulated into fresh,

sterile medium and distributed into two thin, flat, glass cuvettes. Both
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cuvettes were incubated overnight at 30°C, one being exposed to the magnetic

waves. A visual comparison of growth revealed that only one organism, a
4

strain of L. mesenteroides, showed any inhibition.

It was concluded that

the method did not Jjustify further study.

%, Chemical Methods: Bactericides

Treatment of cut ends of stalks with a bactericidal dip or spray was
considered to be a possible method of inhibition of Leuconostoc growth inside
freshly harvested cane. The essential requirements of a suitable bactericide
are that it is inhibitory to L. mesenteroides; can be absorbed by and can
penetrate the stalk; retains its activity in the presence of organic matter,
especially cane Juice and plant tissue; active at pH 5.0-5.5; low mammalian
toxicity; colourless and odourless at use concentrations; low cost; easily
applied, and removable in the factory process to give non-significant
concentrations in the products.

A wide range of bactericides representing the main chemical types was

screened for activity against L. mesenteroides strain 120 by 'in vitro' and

'in vivo' techniques in the laboratory. These are listed in Table VIIT,9.
a) 'In vitro' tests

(1) M.I.C. tests in S.CG.J. medium: The approximate minimum inhibitory

N = e

concentration (M.I.C.) of each bactericide was determined. Ten serial

doubling dilutions of bactericide over a wide range of concentration were

prepared in 5 ml. volumes of sterile synthetic cane juice (5.€.J.) medium.

The dilutions were inoculated with o.l ml. overnight Y.G.C. broth culture of

organism and incubated at BOOC. Growth was recorded turbidimetrically after

24 and 48 hours incubation. The lowest concentration wnich inhibited growth

was the approximate M.I.C.

1 \ [
One ml. aliquots of broths which failed to show growth in the M.I.C. test

were added to fresh, sterile S.C.J. broth, after neutralisation of inhibitory

carry-over of bactericide. The broths were examined for growth after 72

L. ; i oY iled t
hours incubsation at 3000; the lowest original concentration whicn failed to

o ion (M.B.C.).
show growth was the approximate minimum pactericidal concentration (1 /
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Manufacturer

Type No. Bactericide
A. Bis-phenols and 1 By-Prox BD55
chlorinated phenols 2 Hexachlorophene(G11)
B. Parahydroxybenzoic a 3 Nipasol M
acid esters 4 Nipabutyl sodium
5 Nipacombin A
6 Hipacombin SK
¢. Aldehydes 7 Formaldehyde(Formalin)
D. Quaternary ammonium 8 Cetrimide B.P.
compounds 9 Gloguat C
10 Gloquat 5D
11 Deciquam 222
12 Vantoc CL
E. Halogens 13 Sodium hypochlorite
14 Diversol BX
15 Chloramine T
F. Ampholytes 16 Amphionic G
17 Tego 51
18 Tego 51B
G. Amidines 19 Chlorhexidine acetate
"Hibitane"
H. Quinolines &

20
21

isoguinolines

Organic Mercurials

Organic sulphur
compounds 22

Food preservatives 23

Miscellaneous 24

Dequadin chloride

Phenylmercuric nitrate

Busan 881
Sodium nitrite

Vantocil I.B.

B.P.Chemicals Ltd
Givaudin Ltd

Nipa Laboratories Ltd

L 1 "
f H] 1t

" " 3]

May and Baker Ltd
Glovers Chemicals Ltd

Li 1t "

n H #H

British Hydrological Corpn

I.C.I.

B.D.H.
Diversey~Deosan Corpn
B.D.H.

Glovers Chemicals Ltd

Hough,Hoseason & Co. Ltd
1" 1] 1] 1t

I.C.I.

Allen & Hanbury Ltd
B.D.H.

Buckman Laboratories Inc
B.D.H.
I.C.1.

Table VIII,O.

Bactericides screened for chemical control of sour cane

( Some bactericides were excluded from the screen because of
unacceptable toxicity, colour, cost or on ethical grounds.
These included alcohols; phenols and cresols; dyes;

iodophors; heavy metals and antibiotics.)
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The accurate H. f 4 ;
ate M.I.C. of the most active bactericides was determined by an

M.I1.C. test similar to that described above except that arithmetic dilutiédns:

over a narrow concentration range were used

The accurate M.I.C. of formaldehyde was determined for 12 strains of

L., mesenteroides.

(ii) M.I.C. tests in blended cane tissue: Bactericides which had shown

reasonable activity in the H.I.C, tests in S.C.J. medium were selected for
further tests to determine the effect of cane tissue on M.I.C. The limited
supply of cane stalks precluded the use of 'in vivo' M.I.C. tests. Instead,
attempts were made to simulate 'in vive' conditions by 'in vitro' experiments.

Tests in universal bottles: Several cane stalks wers chopped, eliced and

treated in a Waring blender to give finely divided 'blended' tissue. This was
mixed and distributed in 5 g. aliquots in 1 oz. universal bottles. 5 ml. SCJ
medium, pH 5.0, with brom-cresol green indicator, was added to each bottle and
these were sterilised in an autoclave for 10 mins. at 10 P.S.i. 5 ml.
bactericide was added to give the desired final concentration. The bottles
were inoculated with 0.2 ml. of 1:1,000 dilution of overnight broth culture

of organism, incubated for 48 hours at 3000, and examined for growth as
indicated by acid production.  Each bactericide was tested at three

concentrations with two replicates.

Tests in 'artificial cane stalks': A more refined technique was developed in

whicl 'artificial cane stalks' of standard composition were prepared. 4 g

blended cane tissue was packed into 4" x 5/8" glass tubes, whose distal ends

were fused to short lengths of narrow glass tubing. 5 ml. 5.C.J. medium and

indicator, pH 5.0, was added to each tube and allowed to drain out through the

narrow tube. Both ends were then plugged with cotton wool and the 'stalks’

were sterilised in an autoclave for 15 mins. at 15 p.s.i. 'Infection' was

simulated by the addition of 2.5 ml. of 1:1,000 dilution of overnight broth

culture of organism whilst vacuum was applied to the distal ends through

attachment to a water vacuum pump. When the culture liquid had been sucked

through, 2.5 ml. of bactericide at the desired concentration was similarly

0
applied. The tubes were then re~Plugged, incubated at 30 C for two days
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S.C.J. HMedium Blended Cane

Artificial stalks

lo. Germicide A;pioz. Ac;uiaze A%prox. U§i§§§sal Approx. Accurate

.I.C. M.1.C. M.B.C. Approif M.I.C. M.I.C.

M.I.C. |
1. By-Prox BD55 2 NT 7250 125 2125 NT
2 Gl1 4 NT 62.5 125 250 150
3 Nipasol W 500 NT 1000 NT NT N
4 Nipabutyl sodium 125 165 1000 1000 7 750 NT
5 Nipacombin A 1000 uT 2000 NT NT NT
6 Nipacombin SK 250 NT 500 NT NT NT
7 Formaldehyde 62.5 80 2000 £.125 2.125 275
8 Cetrimide B.P. 31 NT 250 NT NT NT
9 Gloquat C 2 NT 7 250 250 7500 NT
10 Gloguat SD 10 NT T NT NT - 800
11 Deciquam 222 2 NT 7 250 NT NT NT
12 Vantoc CL 31 NT 7 250 NT NT NT
13 NaOCl ~1000 NT 71000 NT NT NT
14 Diversol BX 500 NT 7 500 NT NT NT
15 Chloramine T 1000 NT 71000 T NT NT
16 Amphionic G 250 NT > 250 7500 NT NT
17 Tego 51 1250 NT 22500 NT NT NT
18 Tego 51B 62.5 50 22500 250 NT HT
19 Hibitane 351 NT - 250 7 250 NT NT
20 Dequadin chloride  62.5 50 7250 7250 NT NT

21 Phenylmercuric .
nitrate 0.5 NT NT £62,5 416 NT
22 Busan 881 >1000 NT 71000 - 500 '>1000 NT
23 Sodium nitrite 500 450 72000 750 £.500 >100
24 Vantocil 1B 250 150 7250 7500 N N
Table VIII,10  Minimum inhibitory concentrations (MIC) and minimun

bactericidal concentrations (MBC) of bactericides for

L. mesenteroides strain L20 estimated Dby different

tin vitro' technigues. Bactericide concentrations are
o Vino o

expressed as P.P.M. active constituent.

NT = DNot tested
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and examin ; srowt s indi id : i indi
and a ed for growth as indicated by acid production (indicator colour

change from blue-green to yellow). The bactericides were tested at three
concentrations with two replicates under standard conditions.
The results of all the M.I.C. tests are summarised in Table VIII,1O.

. ; . i s -
The results of one experiment using 'artificial cane stalks' are shown

in Figure VIII,4.

Several compounds were obviously inactivated by organic matter and were
ineffective in both SCJ medium and blended cane; these included the three

except Tego 51B, Busan 881, & the parahydroxbenzoic acid esters,

halogen compounds; the ampholytic compounds,/except Nipabutyl sodiun.
Others were very effective in SCJ but lost most of their activity in blended
cane, e.g. the Q.A.C.'s, Hibitane; Dequadin chloride, and Vantocil IB.
The phenol derivatives retained some activity in blended cane. Sodium
nitrite and Tego 51B were moderately effective, but the best bacteriostats
were formaldehyde and phenylmercuric nitrate.

The result of an accurate determination of the M.I.C. of formaldehyde

in S.C.J. medium for 12 strains of L. mesenteroides was:-

No. of strains M.I1.C. :~ P.P.M. Formaldehyde
3 ‘ 60 - 70
70 - 80
90 - 100

b) Simulated 'in vivo' tests
Attempts were made to simulate field conditions using cane stalks grown

in a greenhouse. Unfortunately, only a few stalks were available, so the

scope of the test was limited.

The stalks were harvested aseptically, cut into 6-inch billets and

infected by immersing one end for 5 minutes in a 1:1,000 dilution of overnight

broth culture of L. mesenteroides. One minute after removal the same end

: 04 i j The
was immersed for 5 minutes in bactericide at the desired concentration.

stalks were then removed, the ends wrapped in sterile foil, and incubated at

A ith were removed aseptically
BOOC and 92% R.H. for 48 hours. lg. samples of pi

from the stalk centre, 4 inches from the treated end; the pith was weighed






into Ringer solution, blended, and plated out on Rogosa agar
colonies were counted after three days incubation of the plates at 3000'
?

counts were expressed per gm. cane tissue, and compared with controls not

treated with bactericide.

Four experiments were carried out, using selected bactericides at

[a) .
se veral concentrations,

experiment, shown in Table VIII,1l.

Valid results were only obtained from the first

Leuconostoc

Bactericide

Cong, of active
ingredient in PPM

Leuconostoc count % Survival
per g. tissue

Untreated Control
By-Prox BD 55
Cetrimide

Gloquat C
Deciquam 222
Vantoc CL

NaOCl

Diversol BX
Busan 881
Formaldehyde

Sodium nitri‘ce(NaNOz)

20
40
20
20
80

2,000
1,000

2,000
125
1,000

2.0
4.7
- 2
> 2
-2
-2
1.3
1.1
4.2
3.6
5.5

M

™

e

WM W M

1

1
1
1
1
1
1

05
ot
e
G
&
e
e
10
10°
10°
107

23.2
100
100
100
100

66.6

55.5

2.1
1.8
0.3

Table VIIL,1L.

The effect of bact

of L. mesenteroide

infected caneé stalks.

ericidal dips on the count

s inside artificially-

10
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By-Prox, Busan 881, Fo -
’ » Formaldehyde and NaN02 were effective in retarding

growth of the organism in cane tissue. However, in the second experiment,

higher concentrations of these bactericides failed to inhibit Leuconostoc.

In the third test, results were invalidated because the untreated control
remained sterile, whilst in a fourth experiment, the lowest control count

was below the counts recorded for test bactericides. It was concluded that
the cane was too variable in size and quality to enable accurate comparisons
to be made; furthermore, the degree of infection in the controls was variable
and uncertain. Insufficient material was available to ensure adequate
replication or improvement of the test method.

However, supplies of sweet sorghum(variety Sart), a grass closely
related to sugarcane, were more plentiful in the greenhouse. An experiment
similar to that described above was carried out with whole stalks of 15 week
0old sorghum. The principal modification was that vacuum from a water pump
was applied to the distal end of the stalk during 'infection'. The most
promising compound, formaldehyde, was tested at three concentrations, with

three replicates. The results are shown in Table Vviii,12.

Formaldehyde Conc. PPM Replicate No. Leuconostoc count per g. tissue
4
None: untreated control 1 9.0 x lO3
2 6.5 % lO2
3 5.0 x 10
80 1 2.0 x lO4
2 ND
3 WD
1 ND
125 2 1.5 x 102
3 KD
4
1 1.6 x 10
220 2 8.0 x lO2
3 ND
Tgble VIII,12 The effect of a formaldehyde dip on the Leucomostoc

count inside artificially-infected sweet sorghum

Stalks .

ND = Not jetected; less than 100 per g. tissue

Io
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The results were again variable, but less so than in the experiments on
cane. Formaldehyde reduced the LEEQQEQEEQQ count significantly in seven
samples, but it was ineffective in two samples out of nine tested. 80 PPl
appeared to be as effective as 250 PPM formaldehyde.

Estimates of the relative ‘'use costs' of 14 of the most effective

bactericides were calculated in Table VIII,13. These were based on cost of

product in bulk quantities (1 cwt. or more), combined with the probable use
concentration, deduced from the results of the screening tests. The five
most economical bactericides, in order of increasing 'use cost' were formald-
ehyde, Gloguat C, hexachlorophene (G11), Busan 881, and phenylmercuric
nitrate (PMN). Of these Busan 881 was excluded because it is dangerous to
handle, and PMN because mercury compounds are undesirable in foodstuffs.
Formaldehyde was selected as the most promising bactericide for a field trial
in Jamaica, because it was most economic and showed good activity in both

'in vitro! and 'in vivo' screening tests. No major disadvantages were
envisaged in its use,

c) Field trial with formaldehyde, Frome Estate, 1969.

60 adjacent stalks of mature, whole, undamaged cane, burnt the previous
day, were harvested aseptically from the same row in a cane field. The
cutting area of each stalk and machete were 'sterilised' prior to harvest with
alcohol swabs, and the cut ends were immediately wrapped in sterile paper.

The stalks were mixed and divided into three samples, each consisting of five
bundles of four stalks.

The three samples were treated as follows:-

'Sterile controls' : No treatment
'Inoculated’ . The cut ends were dipped for 5 seconds into a
Lnocu att .

pure culture of L. mesenteroides containing

approximately 108 viable cells/ml,

After inoculation as above, the cut ends were

e

'Formaldehyde’

dipped for 5 seconds into a freshly-prepared

200 PPM formaldehyde solution.

{e]
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Bactericide Product cost Y Active  Active Probable *Relative
shillings/Kg ingredient ingredient use conc usgse cost
€ost PPM in
shillings/Kg shillings
By-Prox BD55 2.3 2.2 105.5 125 13,190
Gloguat C 4.4 50.0 8.8 250 2,188
Busan 881 11.0 100.0 11.0 500 5,500
Formaldehyde 1.2 40.0 3.0 125 375
Sodium nitrite 15.0 100.0 15.0 750 11,250
Hexachlorophene 40.0 100.0 40.0 125 5,000
Vantocil IB 11.0 20.0 55.0 750 41,250
Dequadin chloride 580.0 100.0 580.0 500 290,000
Tego 51B 24.3 25.0 97.0 500 48,500
Nipabutyl sodium 49.5 100.0 49.5 750 37, 175
Phenglmercuric
nitrate 510.0 100.0 510.0 16 8,150
iibitane acetate 400.0 100.0 400.0 5C0 200,000
Amphionic G 21.5 30.0 72.0 750 54,000
Diversol BX 6.2 3.3 186.8 1000 187,000
Table VITI,13%. Estimate of relative use cost of bactericides

for control of sour cane.

*¥Relative 'use cost' in shillings = probable use

concn. x cost of active ingredient.

After treatment the paper was replaced on the cut ends and the bundles
were laid on grass, in the open. Initially, and on successive days up to
four days storage time, a bundle of each treatment was crushed in a 'sterile!
2-roller laboratory mill. The Leuconostoc count of each juice was debermined
by plate counts on STATA medium.

The results are shown in Table VIII,14.

Despite careful aseptic precautions, gross contamination with Leuconostoc
occurred. in the 'sterile' controls, which were infected to the same degree as
the 'inoculated' samples. Formaldehyde treatment did not significantly

reduce the Leuconostoc count of the test stalks. Cross infection of controls
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was a problem also experienced by Egan & Rehbein (1963).

Treatment euconostoc count per ml. juice at stated

B A S

storage time in days

0] 1 2 3 4
'Sterile' control 6.4 190 84 120 56
Inoculated 8.8 82 130 69 54
Inoculated + 200 PPH
formaldehyde 6.6 160 62 83 43
Table VIII,14. The effect of a formaldehyde dip on the Leuconostoc

count of juice from artificially-inoculated, stored
cane.

Counts are expressed as count per ml x 106

Further tests were abondoned as a result of personal observations on the
practice of manual cane-cutting. It was apparent that the application of a
bactericidal dip to the freshly cut ends of harvested cane would be extremely
impractical in terms of time and labour, even if an effective bactericide were
available. Spray application would be quicker, but it would be very
inefficient due to the protection of the inner stalks in a pile by the
surface stalks.

It was concluded that the control of sour cane with bactericides is not

a suitable method.

4. Modification of harvest, storage & transport practices.

Studies on 'bill-to-mill' times were reported in Chapter VII.

It is apparent from the results of experiments on the control of sour
cane by biological, physical and chemical methods that none of these approaches
are satisfactory. Therefore, the only practical solution is to mill the

cane before post-harvest biodeterioration becomes significant, i.e. within

24-""t3 hours of harvest.



5. Penalty systems : Quality control tests

The changes in various parameters that occur during storage of burnt,
magnually-cut cane in Jamaica were described in Chavter III. HNone of these
parameters were considered to be completely satisfactory for use as a routine
quality control test for assessment of the age of cane post-harvest, its
degree of deterioration, or its processing quality.

Despite some digadvantages which have been previously discussed, the most
promising test appeared to be the determination of 'dextran' content by the
method of Keniry et al (1967a; 1969). This test is more sensitive than
viscosity determination, and several determinations can be carried out in a
shorter tiume (about 30 minutes). It was concluded that at the present time
the determination of dextran in cane juice by 'haze analysis' is the most
satisfactory indicator of sour cane for quality control purposes.

a) A rapid method for estimation of 'dextran' content of cane juice in

the field.

A need exists for a test which can estimate harvested cane guality in the
field or at some stage prior to milling. This could prevent the unnecessary
transport to the factory of cane below an acceptable processing quality.

The requirements of such a test are similar to those of a quality control
test in the factory; in addition, however, it must be very rapid, and simple
enough to be performed by a semi-skilled operator without sophisticated
equipment.

The following test was developed, based on an adaptation of dextran
determination by 'haze analysis'.

Several stalks of 'suspect' cane are crushed in a portable 2-roller,
hand-operated mill; +this can be bolted to the back of a Land-Rover. The
juice is collected, and after mixing, 10 ml. is pipetted into a beaker with
2 ml. of 10% trichloracetic acid and a little Filter-Aid. This suspension
is placed in the barrel of a 20 ml. plastic syringe, attached to a 'Swinnex-
26' filter unit (Millipore U.K. Ltd.); it is then filtered through Whatman

No.5 filter paper by hand pressure. 5 ml. of clear, filtered juice is
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mixed with 5 ml. ethanol, and after two minutes the opacity or 'haze' is
estimated by comparison with a set of Brown's Standard Opacity Tubes
(Burroughs Wellcome Ltd.). The Opacity Tubes are calibrated against 20° Brix
sucrose solutions containing known concentrations of dextran. The

calibration and interpretation of results is shown in Table VIII,15.

Opacity Tube Dextrqn content Dextran % Brix Remarks and Action
No. % wfv at 16 Brix
1 .030 .188 Accept
2 .060 .375 Accept
3 .080 .500 Accept
4 .095 593 Warning
5 .110 .690 Severe warning
6 125 . 780 ) Danger level.Confirm by lab.
- ) test. Reject if dextran
7 -140 -815 ) exceeds 0.8% Brix
8 .160 1.000 Reject
.180 1.125 Reject
10 .200 1.250 Reject
Table VIII, 15, Calibration of Brown's Opacity Tubes for a rapid

field test for dextran content of cane juice.

The mean dextran content of mixed juice at Frome during April-July 1969
was 0.41% Brix. Significant effects of dextran on processing begin to occur
at 0.5% Brix, and would be severe at 0.8% Brix. Application of this test
would have resulted in rejection of about 14% of the cane tested in the
factory in this period, and 5% of cane during March-April 1970.

b) Evalugtion of the Methwlene Blue Reduction Test for estimgtion of

microbial count of cane juice (Tate & Lyle Research Centre)

In initial experiments the Standard Methylene Blue Reduction Test, as
used for estimating the microbial quality of pasteurised milk, was studied.

10 ml. aliquots of test cane juice were added to each of three 6" x 5/3"
test tubes; two tubes were immersed in boiling water for three minutes to

kill the organisms present. 1 ml. of sterile agueous methylene blue
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solution was added to one boiled tube (: "blue' control) and the unboiled
tube (= 'test') to give a final dye concentration of 3.3 PPN, The remaining
tube was the 'white' control. The tubes were fitted with sterile rubber
bungs, mixed by inversion, and incubated at 3700 and 300C in a water bath.
They were examined at 30 minute intervals for dye reduction. The juices
were either cane juices extracted from frozen Jamaican cane which had been
thawed and stored for 48 hours at 3000, or SCJ medium inoculated with

L. mesenteroides (strain L20) overnight broth culture to give counts from

lOlO to lO12 per ml,

The results showed that natural cane juices with a Lwuconostoc count of
10lo/ml did not reduce the dye within 3% hours; pure cultures in SCJ medium
reduced the dye slightly at 3 hours when the inoculum was 1012/m1, but at
lolo/ml., 5 hours were required.

It was concluded that the standard test is unsuitable for routine use as
an estimate of the microbial count of cane juice in the factory, because the
incubation period is too long, even when viable counts are very high.

A modified test was devised to accelerate the time required for dye
reduction. The organisms in 10 ml. juice were concentrated by centrifugation
and re-suspended in a small volume of Ringer solution (1.3 ml). The
methylene blue test was repeated on the concentrated juice, but capillary
tubes were used in place of test tubes. The results showed that complete
reduction of the dye occurred within 30 minutes at an original inoculum of
1011 organisms per ml. cane juice; at 109/m1. 1+ hours was required. This
micro-method appeared promising as a routine control test, but it could not

be evaluated at Frome because a centrifuge was not available.

C. CONCLUSIONS

1. _pBiological lMethods

The dextran content of mill juice was reduced to a level unlikely to
interfere with sugar manufacture by enzymatic treatment with dextranase fronm

P. funiculosum. The optimum conditions for economic application were

established in laboratory-scale trials. Addition of 3 units dextranase to

~
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100 ml. mixed juice at its natural pH and a temperature of 4OOC reduced the
dextran content by an average of 68.5% in 20 minutes reaction time. The
suggested treatment did not result in detectable loss of sucrose by reducing
sugar formation.

The process appeared to be technically feasible and economic at a 10%
loss of sugar production due to dextran, but not at 5%.

A British Patent Application No. 55403/69 (12th November 1969) has been
filed for the process.

Results obtained with several amylase enzymes indicated the presence of

polysaccharides other than L. mesenteroides dextran in some cane juices.

Further research on this topic is recommended.

2. Physical lMethods

The minimum inhibitory concentration (M.I.C.) of blackstrap meolasses for

a strain of L, mesenteroides was 300 Brix, but application of molasses to the

cut ends of artificially-infected cane stalks did not inhibit growth of
Leuconostoc.
Alternating electromagnetic wave energy was found to have little

inhibitory effect on the growth of L. mesenteroides 'in vitro!'.

3.  Chemical Methods
24 bactericides and bacteriostats of different chemical type were screened

for activity against L. mesenterocides by 'in vitro' and simulated 'in vivo'

techniques. The most effective bactericides in the presence of blended
cane tissue were formaldehyde and phenylmercuric nitrate, but tests on
artificially-infected cane stalks did not give reproduceable results.
Estimates of the relative cost of effective bactericides at their
probable use concentrations showed that formaldehyde was the most economic.
The M.I.C. of formaldehyde in a synthetic cane juice medium was 80 PPM

for 11/12 strains of L. mesenteroides.

In a field trial with artificially-infected cane at Frome, formaldehyde
at 200 PPM did not inhibit Leuconostoc growth when applied as a dip to the

ends of freshly-harvested stalks.
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Bactericidal dips or sprays were not considered to be a practical

(el
breia

solution to the control of sour cane.

4. Hodification of harvest, storage & transport practices

It was concluded that the only effective control method for sour cane is
to mil%uf%§bcane before the onset of significant post-harvest biodeterioration
(within 48/hours of harvest for whole-stalk, manually-cut cane). The use of
regular 'bill-to-mill' time studies was recommended to provide information

leading to improvements iun the logistics of cane harvest, storage and

transport.

5 Penalty Systems and Quality Control

Despite some disadvantages the determination of 'dextran'content by the
'haze analysis' method of Keniry et al (1967a, 1970) was the most suitable
test for routine estimation of sour cane and cane quality in the factory.

A simple, rapid modification of this test was developed for application in
the field.

The standard methylene blue reduction test was not suitable for routine
estimation of the microbial quality of cane juice in the factory, but a
'micro-method' modification appeared to warrant further evalustion.

The adoption of a penalty system, based on dextran analysis, was
recommended in order to provide an incentive to growers to supply fresh cane

to the factory.
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CHAPTHER TX GuumrAL DISCUSSION AND CONCLUSIONS

The results of storage experiments on harvested cane, both in the U.X.

and Jamaica, show that it is inveriably infected with Leuconostoc mesen-

teroides. Although the rate of growth and maximum count of this organisnm

in harvested cane shcws some variation, in the majority of cases it reaches

. . 7 i 38 . -
a maximum count of between 10 and 10 organisms ver ml. of expressed juice

Q

within 3 ~ 4 days of harvest., This population is capable of producing
gignificant changes in juice composition. Other microorganisms are oresent
in juice from freshly-harvested cane, but in general they do not apvear to

inecrease in numbers to a level cavable of causing significant changes in

juice composition. The exceptions are members of the genus Lactobacillus,

including a new dextran~-forming species, which sometimes vredominate in
juice from cane stored for periods in excess of 5 - 7 days.
In vitro screening tests in a synthetic cane juice siiowed that

L.mesenteroides is potentially the most deteriogenic organism, but attempts

to prove that this organism was the etiological cause of sour cane were
inconclusive. However, this was largely due to difficulties in experimental
technique, since it proved impossible to compare the deterioration rate of
artificially inoculated cane with sterile controls. 1In the absence of such
data; it is not vpossible to distinguish between changes due to staling of
non-infected cane, and changes due to biodeterioration. Gome effectd,

however, are almost certainly caused by growth of L.mesenteroides in cane,

notably the observed increase in dextran content and juice viscosity during
storage of harvested cane, and especially in wet weather. Dextran content
appears to be a useful indicator of degree of biodeterioration and juice
processing quality, but a more specific test than 'haze analysis' is needed
for its accurate determination. Some evidence suggests that polysaccharides
other than Leuconostoc dextran, probably o non-microbial origin, may be

inportant in the staling of cane and effect on factory vrocessing guality;
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further research is needed to define the nature, origin and effects of
polysaccharides in harvested cane.

The economic effects of vost-harvest deterioration of cane may be severe.
Losses ofrecoverable sugar were nearly 10% in the Frome 1969 crop, but again,
no distinction could be made between losses due to staling and souring. The
effects of deteriorated cane on the factory process are manifold, but
exceedingly difficult to guantitate, owing to the continuous and uncontroll-
able nature of sugar manufacture. However, the qualitative effects af

dextran, presumably formed by growth of L.mesenteroides in harvested cane,

were readily observed at Frome, in the form of increased syrup viscosity,
increased final molasses purity and crystal elongation of massecuites.

An ecological study of L.mesenteroides in relation to cane fields

revealed that it is present in low numbers in the soil and the epiphytic
flora of the cane piant. The most likely vector of transmission of the
orgenism to the cut ends of cane is the cane cutter's machete, especially
in moist climatic conditions. Evidence was obtained which confirmed the
observations of Egan and his colleagues in Queensland, that mechanically-
harvested, chovped-up cane deteriorates at a much greater rate than whole-
stalk, manually-cut cane. Here the deterioration was more readily

ascribable to massive infection of cane with L.mesenteroides than to staling.

The high probability of a rapid change from manual to machine harvesting in

Jamaica in the near future suggests that L.mesenteroides infection may become

an even more serious problem.

Rainfall appears to be a significant factor in the post-harvest
deterioration of cane in Jameica. High rainfall is associated with a
jefinite sour cane problem, evidenced by factory orocessing difficulties
and more rapid deterioration of cane guality. Variety B4362 is more sus-—
centibé@ to post-harvest deterioration than B851129. Overmaturity of cane
also enhances its deterioration rate, but this is probably an effect on

staling rather than souring.



4 thoreough examination of possible methods of control for sour cane
showed that it is not practical fo prevent infection of cane at harvest with

L.mesenteroides, nor to vrevent its subsecuent multivlication within the

stall, by means of chemical treatment or modification of the phvsical environ-
ment. The only practical solution is to mill the cane within 24 hours of
harvest to minimise economic losses; this result confirms the conclusions
reached by Queensland workers. IHowever, a vpromising new apvproach was
developed for removal of dextran in the mill juice prior to clzrification,

by treatment with the enzyme dextranase. This avvears to be technically and
economically feasible in the near future, and is the subject of a British
Patent and further research.

It is concluded that under Jamaican conditions Leuconostoc mesenteroides

plays a major role in post-harvest biodeterioration of sugar cane, and

gsignificsntly increases the economic losses due to staling alone.
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parenchyma tissue of mafure internodes.

The ianternal structure of the stem is shown in Fig.X,2. The outer part
or rind contains the epidermis and layers of thick-walled lignified cells.
Fibrovascular bundles are scattered throughout the ground tissue or paren—
chyma, being more numerous toward the periphery, but the larger bundles occur
toward the centre. Each bundle contains sclerenchyma, xylem and phloem
tissue. The parenchyma cells are circular in cross-section and rectangular
in longitudinal section; they are large, soft and thin-walled, and contain
most of the sucrose-rich juice which is extracted by crushing for the pro-
duction of sugar.

2. Cultivation

In Jamaica sugar cane is propagated by planting short pieces of stalk,
containing 2 or 3 buds, at intervals along the ridges of *'Louisiana banks',
whose inter-furrow distance is 5' 6", A typical field is about 10 acres in
area and is divided into "quarters" and "laterals" by drainage and irrigation
ditches. Bach bud may germinate to produce a shoot. After germination,
each shoot becomes independent of the 'seed-piece' and may form an individual
plant which tillers to become a multi-stalked ‘stool'.

The cane is grown until it becomes mature or 'ripe', when its sucrose-
content reaches a maximum (determined by analysis of sample stalks). In
Jamaica this growth period is about 12 months. During growth suitable
fertilisers, herbicides and insecticides are applied when required;
irrigation is also practised in dry areas. The ripening of cane depends on
many factors, chief of which at Frome is the amount and distribution of
rainfall. Maturity is normally reached in dry weather, but it may be con-
trolled artificially by irrigation. The average rainfall distribution at
Frome over the 10-year period 1956-1966 is given below :-

Jan. Feb. March April May June

Monthly rainfall 2.04 2.75 3,74 6.83 11.55 10.38
No.of rainy days 1 1 2 6 8 1

July Aug. Sept. Oct. Nov. Dec.

Monthly rainfall 10.37 10.11  8.46 10.28  4.52 5567
No.of rainy days 10 7 9 5 5
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Rainy days' are defined as days Tecelving more than 0.5" rain per 24 hours.
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The normal harvest season or ‘crop' at Frome extends from early December

to middle or 1ate May,_but occasionally it may be extended in the June rainy

season. Planting and harvesting operations are planned so that the proportion

of cane reaching naturity is phased equally throughout the CTopa

Re-growth from the stubble after harvest becomes the subsequent crop,

known as a ratoon Crop. Bach ratoon crop yields successively less sugar

per acre, and at Frome becomes uneconcmic to process after six or seven

ratoons., Therefore fields are re-planted at intervals of six or seven years.

B. HARVEST AND FIELD OPERATIONS

In 1969 approximately 900,000 tons of cane were ground at Frome factory.
Approximately half of this cane was grown by the Estate whilst the rest was
supplied by more than one thousand private farmers. Frome Estate is sub-
divided into ten farms whose total acreage of cane is 14,106 acres.
1a Burning

A1l Estate cane and about 50% of farmers' cane is burnt prior to
harvest, in order to facilitate cutting and reduce the amounf of green
leaves ('trash') transported to the factory. Selected fields of maturé cane
are normally burnt in the evening of the day before harvest. In dry
conditions the fire spreads rapidly through a field leaving the exterior of
the stalks bare and blackened, except for a few green leaves at the top.
Figures X,3,4 and 5 show the appearance of cane immediately before, during
and after the burn respectively.

2. Cutting

Cane cutting begins at 7 am on the day following the burn. An average
size field is normally reaped in one day, but larger fields may take two
days. At present all cane in Jamaica is manually cut by means of machetes
(Fig.X,6). The cane cutters work in pairs and each pair cuts four
adjacent rows. The stalks are cut at the nearest internode above the
ground, and the green tops of the stalks are removed just above the highest
coloured internode. The whole stalks, 8-12 feet in ength, are laid

horizontally in small piles across the peaks of the middle two rows,
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behind the cutters (Fig.X,7), One man may cut 5 to 7 tons of cane per day,
and is paid according to the tonnage reagped. In many countries mechanised
harvesters have wholly or partially replaced manual cutters, and in Jamaica
this trend seems likely to be followed in the near future. During the 1970
crop a Massey-Ferguson 'Cane Commandetr? (1P201) mechanical harvester under-
went trials at Frome Estate; it was the first such machine permitted in
Jamaica by the Government. This machine automatically tops the cane and
chops the stalks into short billets of average length 10.5 inches; the billets
are loaded directly into carts drawn behind or alongside the harvester,
(Fig.X,8). Under Frome conditions this machine achieved a harvesting rate of
25 tons of cane per hour, although its maximum rate is double this, and 30-35
tons/hour is estimated to be a good commercial rate. The mean percentage of
extraneous matter (tops, roots, trash and soil) included in the cane was %

3.  Loading, transportation and storage.

Harvested estate cane usually remains on the ground in the field until
the following morning, when it is loaded into tractor-drawn transport carts.
About 50% of the cane is manually loaded into carts of 4-ton capacity,
(Fig.X,9), whilst half is mechanically loaded by means of Toft grab-loaders
into carts of 8-ton capacity, (Fig.X,10). The carts are either taken directly
to the factory by road, or are taken to central hoists where the cane is off-
loaded and weighed into rail-cars: these are transported by diesel locomotive
to the factory. Farmers' cane is usually loaded into lorries and taken to
the factory by road. Much of the farmers' cane comes from outlying districts
which may be up to 20 miles distance from the factory.

At the factory the cane is unloaded and stored in large piles of several
hundred tons capacity for periods which do not normally exceed 6 hours. When
required the cane is then weighed and fed into the mill.

In 1969 the average yields for Estate cane were :~ tons cane per acre -

34.30; tons cane per ton sugar - 10.52; tons sugar per acre - 3.26.
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C. RAW SUGAR MANUFACTURE : FACTORY OPERATIONS

The aim of the factory is to manufacture relatively pure, crystalline
sucrose (raw sugar) from the juice of sugar cane. The composition of sugar
cane and its Jjuice is shown in Chapter I, Table I,1. The cane stalk con-
sists of 11-16% insoluble fibre, whilst the remainder is juice, which is an
aqueous solution containing 10-16% soluble solids. Sucrose comprises 10-88%
of these soluble solids.

The stages in manufacture of raw sugar are shown diagrammatically in
Fig,¥.11.

1. Extraction

The weighed cane is cut into small pieces by passage through a set of
revolving'blades, and fed into a series of large, 3-roller, crusher mills,
which together comprise the milling tandem. As the cane passes through the
tandem it is sprayed with hot water,('inbibition‘water), to aid juice
extraction. The first-expressed juice is named crusher Juice and the total
extracted juice is known as mixed Juice. The residual fibre, or bagasse,
is stored for subsequent use as boiler fuel.

At Frome there are two milling tandems which operate simultaneously,
one for Estate cane, the other for farmers' cane. Each can grind 150 tons
cane per hour.

2. Clarification and Piltration

Mixed juice is acid, cloudy in appearance, and contains many undesirable
impurities. Many of these impurities are removed in the clarification pro-
cess, in which the juice is limed to a pH of 7.5-8.0 and heated under
pressure to 220°F. The coagulated matter or 'mud' so formed is removed from
the clear juice by sedimentation in a continuous, closed-tray clarifier. The
mud is passed through a rotary-drum vacuum filter, and the expressed juice
is returned to the process. The residual product, known as 'filter-cake mud'
is utilised as a fertiliser in the cane fields.

3. Evaporation

Clarified juice contains 12-15% w/w soluble solids, mainly sucrose.
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Before crystallisation, much of the water is removed by boiling the juice
under successively reduced Pressure in a series of multiple~effect
evaporators. The evaporated Juice is known as syrup and contains 50~50%
w/w soluble solids.

4, Crystallisation

Syrup is boiled under reduced bressure in single-effect vacuum pans
until it becomes supersaturated with sucrose. 3Seed grain is then introduced
and the sucrose is allowed to crystallise out under carefully controlled
conditions until a suitable grain size is reached. The mixture of mother
liquor and crystals, which is named 'massecuite ', is then run out or 'struck!®
into stirred receivers known as crystallisers, where it is mixed and allowed
to cool.

5. Separation or Purging

Massecuite from the crystallisers is fed into centrifugal machines which
consist of rotating drums with perforated walls, named 'baskets'. The basket
is spun at 1,200 - 1,500 R.P.M. for two to three minutes, forcing the liquor
through the perforated screen, which retains the crystals. The separated
1iquor/linown as 'molasses', whilst the crystals constitute raw sugar. The
raw sugar contains 96-98% w/w sucrose, 0.5 to 1.5% moisture and 1.0 to 2.5%
non-sucrose solids, principally reducing sugars and ash.

At Frome a 3~-massecuite system of crystallisation and sSeparation is
operated. The first boiling of syrup results in an 'A' massecuite which
yields 'A' sugar and 'A' molasses on separation. 'A' molasses is re-boiled
to g1 2 a 'B' massecuite which yields 'B' sugar and 'B' molasses on separation.
'B' molasses is re-boiled to give *C' massecuite which yields 'C' sugar and
'C' molasses on separation. A mixture of 'A' and 'B’ sugar constitutes the
commercial raw sugar which is stored, transported to sugar refineries, and
refined to produce white sugar and other products. 'C' sugar is used as
'seed' in the vacuum pans, or is sold for local consumption. 'C! molasses
is fully exhausted, i.e. it is uneconomic to crystallise more sucrose from it.

The by-product is known as final molasses or 'blackstrap' and is widely used
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as a substrate for fermentation or in animal fodder. It contains 82-88%
solids, of which 40-45% w/w is sucrose, 3%0-40% is reducing sugar and the
remainder is inorganic ash and other impurities. Between 5 and 8 gallons
of final molasses are vroduced per ton of cane.

Sugar manufacture is a continuous process. The factory grinds cane
throughout the crop except for a weekly nine-hour stop to enable the plant
to be cleaned. The complete process of sugar production from a particular

batch of cane normally requires between 34 and 45 hours.
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APPENDIX 2. DEFINITIONS OF SPECIAL TERMS UskED IN THE

SUGAR INDUSTRY

t.  Brixz
Brix is the percentage by weight of solids in a pure sucrose solution.

By general acceptance the Brix represents the apparent solids in a sugar

solution as detemmined by the Brix hydrometer.

Refractometer solids or Refractometer Brix is the percentage by weight
of solids determined in a refractometer, calibrated for pure sucrose solutions,

In this thesis all values of Brix were determined by refractometer, but
are conveniently abbreviated to 'Brix!'.

Brix is expressed in degrees, e.g. a 60% w/w sucrose solution is written
as 60° Brix, abbreviated to 60°Bx.

Since the refractometer calibration is based on the refractive indices
of pure sucrose solutions, values of the apparent percentage solids become
increasingly inaccurate as the proportion of non-sucrose solids in the
solution increases.

2. Polarisation, Pol and Sucrose

20
Pure sucrose is dextrorotatory; its specific rotation is (a) D+ 66.530

at a concentration of 26 g, per 100 ml. aqueous solution (: 'normal weight').
Use is made of this property to estimate the concentration of sucrose in a
sugar solution, by measuring the direct or single polarisation of a normal
weight solution in a polarimeter (saccharimeter). The result of this
polarisation is termed the pol, expressed in degrees. Pure sucrose has a pol
of 1OO.OOO. Pol is identical with the percentage w/w of sucrose in a pure
solution, but is only an estimate of sucrose content when impure solutions
containing other optically active compounds are tested. The true sucrose
content of impure solutions may be determined by a double polarisation
technique known as the Clerget method, in which the pol is determined before
and after inversion (q.v.) and hence the effect of impurities is removed by

difference.
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' At Frome, and most other sugar factories, pol rather than true sucrose
is the basis of all chemical control calculations, because its advantage

of speed of determination is considered to outweigh its disadvantage of
inaccuracy.

bR Reducing Sugars. Invert and Inversion

Hydrolysis of sucrose yields equimolecular amounts of its constitutuent

monosgccharides, glucose and fructose :—

Coflipg0yy + B0 —5Cl, 05 + CGH, 0,

sucrose glucose fructose
(«) 2% 66.53° (2% 52.7° ()20 _ 92.4°
D D D

This reaction is termed 'inversion! because it results in a change in
optical rotation from dextrorotatory sucrose to the net laevorotatory activity
(a)Q% - 39.7o of the products. The equimolecular mixture of glucose and
fructose is known as 'invert sugar' or simply 'invert!'.

Inversion is catalysed by acid and also by the enzyme invertase. In
acid conditions the rate of hydrolysis is proportional to the temperature
and degree of acidity.

In the sugar industry, reducing sugars are defined as "the reducing
substances present in a solution, calculated as invert sugar"; often reducing
sugars are simply termed 'invert!'.

4. Purity

Purity is defined as the sugar content expressed as a percentage of
solids. Since the sugar content can be expressed as pol or sucrose, and the
solids as Brix, refractometer solids, or solids by drying, the purity relation-

ship can be expressed in several forms. The most widely used is :~

Apparent purity = %%%k x 100

In this thesis, the Refractometer-Pol Purity is used, in which Brix is Sub~

stituted by refractometer solids.



