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Abstract

Sugarcane must be processed quickly after being harvested because it is a destructible commodity. Harvested cane may
degrade for a variety of reasons, including exposure to microbes, mechanical or manual harvesting, cultivar, maturity, cut-
to-crush interval, and storage. Due to the quick loss of sucrose and deterioration after harvest, sugarcane needs to be treated
at the right time and way. The higher sugar content of mature internodes offers the perfect conditions for microbial growth,
which enters the harvested stalk through wounds or cut ends. The bacteria Leuconostoc spp. is primarily responsible for
these post-harvest losses, which negatively affect sugar percent. The trials were carried out to assess the efficacy of Sodium
metasilicate (SMS), Benzalkonium chloride (BKC), Nisin (Lactobacteria), and Neem sources on sugarcane for reducing the
post-harvest degradation losses. An investigation is underway now to reveal that foliar spray of neem cake @ 5%+ dried neem
leaves extract @ 5% (in heaping) is the most effective and eco-friendly substance that might be able to significantly enhance
sugar recovery. This treatment was comparable with the chemical formulation of SMS @ 2% (3 days before harvest) + BKC
@ 2000 ppm (in heaping) which might be a consequence of controlling the proliferation of Leuconostoc spp. bacterium.
Likewise, the juice obtained from these treatments has a lower rate of inclination in pH, reducing sugar, total soluble solids,
titrable acidity index, invertase activity, higher sucrose, and commercial cane sugars (CCS) recovery, furthermore with
relatively smaller losses in cane weight. Hence, these treatments offer a significant potential role in reducing post-harvest
deterioration losses in the sugar industry.
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India is the second-largest producer of sugar, it plays a sig-
nificant role in the global sugar trade. The sugarcane cul-
tivation area of India was 4316 thousand tons in 2000-01
which declined to 4201 thousand tons in 2005-06 and
increased to 4732 thousand tons in 2017-18. The produc-
tivity of sugarcane was 68.58 tons/ha in 2000-01which was
increased to 79.65 tons/ha in 2017-18 [1]. In 2019-20, India
contributed the highest share of sugarcane production glob-
ally (24%) followed by Brazil (21%) and Thailand (10%).
After harvest the deterioration in sugarcane is the utmost
crucial problem of Indian sugar industries and has attracted
widespread attention in recent years. Bio-deterioration due
to microbial invasion and proliferation in harvested canes
leads to a loss of up to 62% [2]. Leuconostoc, Lactobacillus
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saccharomyces, Rodotorula, and some other bacteria serve
to cause the inversion of sucrose and a significant amount
of dextran, acids, and ethanol to be produced, which alters
the kinetics of sucrose crystallization [3, 4]. It causes heavy
losses in the sugar mills economy.

In sugar industries, the crushing of stale sugarcane
resulted in losses of 12-50% in sugar recovery [2]. Based
on research evidence, more losses accordingly one thousand
six hundred crores challenged by sugar industries due to the
supply of sucrose-degraded canes [5]. There are numerous
reasons for post-harvest sugarcane degradation but micro-
bial sucrose losses are primarily caused by storage condi-
tions and this was due to the time frame between harvest and
crushing (staling) [6]. Field losses in CCS were in the early
season at 0.35, mid-season at 1.0, and late-crushing period
at 1.32 units per day [7].

The traditional practice of newly harvested sugarcane
is permitted to be left in open fields in piles or transport
trucks for a lengthy period of interval which paves the way
for ample invasion, growth, and proliferation of microbes
that lead to single cane weight loss and reduction in sucrose
recovery [4, 8]. The naturally occurring sugarcane enzyme
invertase, which is likewise quite active after harvest, was
stronger when the ambient temperature was higher. During
milling, an abundance of invertases are released and turn
sucrose into inverted sugars, thus reducing the purity. In
the sugarcane field polysaccharides generate bacteria from
mainly Leuconostoc spp. which enter through the cut ends
and exploited the stored sucrose further reducing the quality
of milled juice. Such a condition was obtained when canes
are stored in cane centers. This leads to a drop in juice qual-
ity, thereby lowering the recovery percentage [9, 10].

The most important and harmful microbes that invade har-
vested sugarcane stalks are the lactic acid bacteria groups
like Leuconostoc spp. [11, 12]. This bacterium is soil-borne
and obtained freely on sugarcane tissue and juice [10]. This
species used sucrose as its main energy and transfer it into
different substances like ethanol, organic acids, reducing sug-
ars, and polymers with lengthy and intricate chains [13, 14].
In most of the time, harvested sugarcane stalks build a slimy
layer due to the incidence of Leuconostoc microbe. In the
first 14 h, sucrose losses through microorganisms (93.0%),
enzyme activity (5.7%), and acid degradation (1.3%). It has
been noted that this bacterium is more prevalent in harvested
sugarcane [10, 15, 16].

According to studies, stale canes are inclined to hold more
of this bacterium and produce dextran than sugarcane har-
vested recently [17]. This is true because Leuconostoc mes-
enteroides / dextranicum secrete the dextrasucrase enzyme,
which is necessary for the synthesis of dextran [18-20].
Alteration in the establishment of dextran in stale and newly
harvested canes is due to the time frame being more among
harvesting and crushing. Extended sugar crystals, increased
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viscosity, filters blockage due to dextran, and insoluble sol-
ids were also obtained as this bacterium is washed off into
juice during the cane refining process, it causes sucrose to
be converted into a polymer called dextran [21, 22]. Higher
sugar content (15%) and pH of 5.0-5.5 of cane juice make a
perfectly congenial environment for these bacteria to occur
[23]. This pH changes the quality of harvested cane which
leads to losses in sucrose levels [17].

The BKC is a well-known quaternary ammonium with
strong bactericidal and fungicidal qualities that works well
as a surfactant, disinfectant, deodorising, and cleaning agent
for hard surfaces [24, 25]. The safety to be considered that
this chemical used in sugarcane, where the end product,
sucrose is converted into crystalline form was taken into
account while using them. Due to their anti-bacterial prop-
erties, the chemical SMS is applied as an aqueous formula-
tion to harvested sugarcane which minimizes the sucrose
losses [18]. Although many steps have been taken to stop
these sucrose losses by microbes, little progress has been
made in eliminating them. The goal of the current study is to
learn how different chemicals act and put an effort to reduce
post-harvest deterioration losses in sugarcane. To compare
the fresh and stale canes and find out how antibacterial and
anti-inversion chemicals affect post-harvest quality losses.

2 Materials and Methods
2.1 Experimental Site and Initial Soil Characteristics

The experimental farm was situated at an altitude of 4.6 m
above MSL in Tamil Nadu's North Eastern Zone at 11046"N
latitude and 79046"E longitude. Clayey loam soil with a pH
of 7.2 and bore well irrigation make up the soil type. The
mean annual rainfall is 1210 mm. This area experiences a
warm and humid climate. In Cuddalore, the summer season
began in April and lasted until June, which was very hot.
During these months, the temperature ranges from 23 to 40
degrees Celsius. The winter season begins in December and
lasts until January with temperatures ranging from 12 to 30
degrees Celsius.

2.2 Experimental Design and Treatment Schedule

The treatment package was arranged in a randomized com-
plete block design with three replications. The pile of whole
cane stalks that had been harvested with their cut ends and
growth cracks which were thought to be the sites of micro-
bial invasion were sprayed with each treatment. Rolling
crushers were used to crush the canes, and juice was taken
from each pile control at 0, 3, 6 and 9 days after harvest to
estimate the microbial population. Juice from various treat-
ments was used to assess the percentage of sucrose in the
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juice as well as other factors like pH, reducing sugar, total
soluble solids, titrable acidity index, invertase activity, and
commercial cane sugar.

2.3 Treatments Schedule

Treatments Application Time of application
rate ppm or

(%)

Tr.1 Heaping of sugarcane — After harvest

(control)

Tr.2 Heaping and cover-  — After harvest
ing with trash
Tr.3 Sodium metasilicate 2% (3 days before harvest)

(Pre-harvest spray)

Tr.4 Sodium metasili-
cate (Pre-harvest
spray) + foliar spray
of benzalkonium
chloride

2% 42000 ppm (3 days before har-
vest) +In heaping

Tr.5 Foliar spray of ben- In heaping
zalkonium chloride
(Anti-inversion and

Anti-bacterial)
Tr.6 Foliar spray of neem

cake + dried neem
leaves extract

2000 ppm

5%+5% In heaping

Tr.7 Foliar spray of Nisin In heaping

(Lactobacteria)

500 ppm

2.4 Selection of Cultivar, Planting, and Agronomic
Practices

The sugarcane (variety -CoC 25 86032 with a duration of
10-12 months) was planted in the early season (December
2018 to January 2021). The 7 months old cane nursery was
obtained for the preparation of setts and 75,000 two-budded
setts/ha were used. The setts were soaked in fungicide (Car-
bendazim 0.1% + 2.5 kg urea in 250 L of water) for 15 min
and then treated with Azospirillum (2000 g/ha) for 15 min
before planting. After irrigating the plots, setts were placed
in the center of the furrows continuously by keeping the
buds in the lateral position and pressed gently beneath the
soil. FYM was applied at 12.5 t/ha at last ploughing, incor-
porated, and then leveled. All the plots were kept weed-free
up to 120 days after planting (DAP), as the period is consid-
ered the critical period of crop-weed competition. Earthing
up was done three times on 120, 150, and 180 DAP.

The experimental plots were applied with inorganic fer-
tilizers as per blanket recommendation (275:62.5:112.5 kg
of N, P,0s, K,0O/ha). The entire quantity of P was applied as
basal through DAP. Remaining nitrogen in the form of urea
and potassium as muriate of potash was applied in four equal

splits at 30, 60 90, and 120 DAP. The soil of the experimen-
tal site was sandy loam in texture with low available nitrogen
of 45 kg/ac, higher available phosphorus of 10 kg/ac, higher
available potassium of 135 kg/ac, available micronutrients
were Fe of 17.80 ppm; Mn of 8.52 ppm; Zn of 1.17 ppm;
Cu of 1.45 ppm present in the soil and EC of 0.15 dSm™~".
The plant’s dried leaves were removed, and the green leaves
were tied together by gathering all the canes into a single
bundle. At the point of physiological maturity, the crop was
manually harvested.

2.5 Quality Parameters Sampling, Juice Extraction,
and Analysis

A clean laboratory roller crusher was used to crush three
canes from each bundle to extract juice at intervals of three
days (0, 3, 6, and 9 days after harvest). Before crushing, the
roller crusher was surface cleaned with 0.01% HgCl, solu-
tion and washed three times in hot, sterile water. After being
filtered through a four-layer muslin cloth and collected in
sterilized glass bottles (500 ml), the juice was then processed
for physical, chemical, and microbiological analysis on the
same day.

2.6 pH

The pH meter was used to record the juice’s pH (Systronics
pH system 362, India).

2.7 Reducing Sugars

An aliquot of 0.5 cc of 10% diluted juice was taken in sugar
tubes. Using 1.5 ml of distilled water and 2 ml of copper
reagent, a final volume of 2 ml was produced. After that,
the mixture was submerged for 20 min in a pot of boiling
water. Measure the absorbance at 540 nm after adding 2 ml
of the arsenomolybdate reagent and 25 ml of distilled water
to make the volume equal. The outcomes are presented in
mg/ml using the method of [25], the reducing sugar was
estimated.

2.8 Total Soluble Solids

Whatman filter paper 40 was used to filter the extracted
juice, and a refractometer with 0.01% accuracy was used to
determine the percentage of total soluble solids [6].

2.9 Titrable Acidity Index
To determine the titrable acidity, a potentiometric titration

using 0.1 N NaOH up to pH 8.1 and 1 ml of the diluted juice
in 25 ml of distilled water was used.
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2.10 Acid Invertase

By using the procedure of [26], the juice's acid invertase
activity was measured through extraction with 1.0 ml of
citrate buffer (pH 5.4). One milliliter of 0.2 M sucrose was
added to 1.5 ml of 0.1 M citrate buffer (pH 5.4) and one mil-
liliter of juice to start the reaction. The reaction was heated
to 37 °C for an hour. The reaction was halted by soaking the
tubes in hot water for five minutes. The tubes were centri-
fuged at 8000 g for 15 min. According to [25] estimates the
concentration of inverted sugars in a 0.5 ml aliquot of the
supernatant. The acid invertase activity was expressed as
Mmol invert sugars/mg protein/min.

2.11 Sucrose

A test tube was filled with an aliquot of 0.01 ml of 10%
diluted juice. Resorcinol thiourea 2.0 ml was added to
1.99 ml of distilled water to make the final volume of 2 ml.
The 6 ml of conc. HCI was added after a thorough mixing
and then the tube was gently shaken. The tubes were then
transferred to a water bath that was kept at 80 °C for 20 min
after which they were cooled under running water. Within
30 min the absorbance at 490 nm was measured against a
reagent blank. The outcome is given in mg/ml juice. The
resorcinol-thiourea method, as described by [27], was used
to estimate the amount of sucrose in the sample.

2.12 Single Cane Weight pH

Cane weight was determined before the crushing of canes
with various treatments.

2.13 Commercial Cane Sugar

Commercial cane sugar (CCS) was computed [25] as the
total percent of recoverable sugar in the cane at maturity.

CCS (t/ha) = [Cane yield (t /ha) X Sugar recovery (%)] /100
Sugar recovery(%) =[S — 0.4(B — S)] x 0.73

where

S Sucrose (%)

B Corrected Brix (%)

2.14 ldentification of Leuconostoc Bacteria

The presence of Leuconostoc spp. was investigated by their
morphological, biochemical, and cultural characteristics.
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Gram staining using the standard technique, and a motility
test using SIMs medium, were used to identify morphologi-
cal traits (sulfide indole motility media). The strains obtained
were identified using the 16S rDNA sequencing method
for molecular characterization. Using a Thermocycler, we
amplified the 16S rRNA gene from genomic DNA using the
27F (5' AGAGTTTGATCMTGGCTCAG 3') and 1492R (5’
TACGGYTACCTT GTTACGACTT 3') primers at an initial
temperature of 94 degrees Celsius for 2 min, followed by
30 cycles of denaturation at 94 degrees Celsius for 1 min,
annealing at 56 degrees Celsius for 1 min, and extension at
72 Single-pass analysis in both the forward and reverse ori-
entations was used to sequence PCR products (Priority Life
Science, India). With the help of MEGA11, we were able to
look at the sequence data and see how it matched up to other,
closely similar sequences in the EzBioCloud database. The
MEGA 11 program's neighbor-joining strategy was used to
build the phylogenetic tree. Each node has a Bootstrap value
(>50%) based on a sample size of 1,000 tests.

2.15 Statistical Analysis

The data shown is mean values. Statistical analysis was done
using the WASP 2.0 Web Agri Stat package software. Infor-
mation from four independent replicates of each treatment
is used to calculate the means and standard errors (%) in the
tables and figures.

3 Results and Discussion
3.1 pH of Sugarcane Juice

Sugarcane juice is widely recognized for its high sucrose
content and pH range of 5.5-6.5. The pH of the juice falls
as the crushing time increases creating an ideal habitat for
Leuconostoc spp to thrive [12]. It is an acidophilic bacterium
and desirably its growth increased when an initial medium
pH of 6.0 decreased to 4.0 likely after 20 h incubation
period. The Leuconostoc bacterium has resulted in a faster
pH reduction [28]. This bacterium can cause sugarcane juice
to degrade.

The (Fig. 1a) depicts the pH level changes because of
delayed sugarcane crushing with different treatments. The
initial fall in sugarcane juice pH occurred three days after
staling and the pH decline outline variance was observed in
all the treated and control sugarcane. In the control cane,
3 days after staling pH of the juice started to decline, and
a sharp fall in juice pH was seen after 6 days of staling.
There was a progressive drop in pH up to 6 days of staling
with a sustained decrease up to 9 days of staling in canes
treated with a foliar spray of 5% neem cake extract and 5%
dried neem leaves extract (T¢) and a pre-harvest spray of 2%
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Fig. 1 Influence of SMS and organic source on post-harvest quality parameters of sugarcane at different staling periods (a. pH), (b. Reducing

sugars), (c. Total soluble solids), (d. Titrable acidity index)

SMS on 3 days before harvest with foliar spray of BKC @
2000 ppm in heaping of sugarcane (T,). The study revealed
that the control cane percentage change in pH decrease was
highest (17.86%), followed by canes treated with heap-
ing and covering with trash (8.88%), BKC (8.48%), Nisin
(7.75%), SMS (7.56%) and lowest percentage change of pH
reduction was observed with SMS + BKC (7.53%) and Neem
extract (6.59%). This proved that the juice pH begins to drop
over the progression of the harvesting process leading to
increasing the juice acidity and encouraging the growth of
the Leuconostoc bacterium. Similarly, the slight pH fall is
due to the potential for small amounts of lactic acid to be
produced. At the same time as 0.1% lactic acid is required to
achieve about 0.1 pH level drop was earlier reported by [29].

3.2 Level of Reducing Sugars in Cane Juice

Sugar reduction is a crucial sign of cane [18]. The level of
reduced sugars increases as time extends in storing canes
after harvest. In all treatments, the pattern of increasing
reducing sugars was consistent (Fig. 1b). In normal heap-
ing of sugarcane (T,) reducing sugars level was obtained
to be 2.84% at 0 days although, after 9 days of staling, this
was increased to 4.32% whereas in a foliar spray of 5%
neem cake and 5% dried neem leaves extract in heaping of
sugarcane (Ty), the level of reducing sugar was 2.80% at
0 days which raised after 9 days of harvest to 3.13% as well
as a pre-harvest spray of 2% SMS + foliar spray of BKC
@ 2000 ppm in heaping of sugarcane treatment (T,), the
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reducing sugars content was 2.81 percentage at 0 days which
increased after 9 days of staling to 3.34. These all point
out that there was an increase of 52.11% after a 9-day
staling period in control heap canes but this increased
level was quite lesser in neem extract and SMS + BKC
treated canes as 11.79% and 18.86%. So, the Ty and T,
showed the least rate of reducing sugar increase with time
of staling compared to other treatments. Gradual rises of
reducing sugar decline the quality of sugarcane juice [30].
Generally, juice may become intense during the staling
period because of moisture loss, which may also increase
the activity of other hydrolytic enzymes. These microbial
enzymes break down sucrose and convert it to reducing
sugars [31]. More than 4 to 5 fold increase in reducing
sugar from harvest to staling period due to redounded in
a hasty transition from sucrose to reducing sugar [32].
The effects of cane heap temperature and extended period
on harvested sugarcane stalks reported higher reducing
sugars as a result of cane being stored at high ambient
temperatures [33].

3.3 Total Soluble Solids of Cane Juice

Both sugars and non-sugars are included in the description
of total soluble solids, which also indicates high reduc-
ing sugars are thought to be responsible for increased total
soluble solids in stale canes. An increase in total soluble
solids was seen along with the increase in cane staling. In
contrast to control canes, those treated with neem extract
and SMS with BKC experienced a gradual total soluble
solids increase. Overall, 9 days after harvest, control canes
showed a higher percentage change in total soluble solids
(7.48%), followed by canes heaping and covering with trash
(7.14%). This study implies that after 9 days of harvest,
canes treated with neem extract (1.77%) and a combination
of SMS +BKC (3.03%) experienced the least increase in
total soluble solids. The total soluble solids values in each
sample of cane juice that received a different treatment were
plotted against time in days shown in (Fig. 1¢c). Results are
confirmed by the study reports of [34, 35]

3.4 Titrable Acidity Index (TAl) in Cane Juice

The titrable acidity index (TAI) is also one of the indicators
to supervise the sugarcane post-harvest deterioration. Acid-
producing bacteria led to poorer juice pH and an increase in
sugarcane juice acidity [36]. Progress of acidity is based on
acids produced in the harvested sugarcane storage. In this
experiment, After 9 days of harvest, all the treatment canes
showed an increasing tendency in titrable acidity index due
to an increase in the pattern of TAI differences between both
control and treated canes (Fig. 1d). TAI of untreated canes or
control increased gradually up to 6 days after staling before
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increasing sharply up to 9 days after sugarcane staling. The
9 days after harvest, a steady TAI increase was noticed in
the cane that had been treated with a foliar spray contain-
ing 5% neem cake and neem leaf extract (T6) followed by
the combined application of SMS with BKC in heaping of
sugarcane (T4). Both these treatments had the lowest rate
of TAI increase throughout staling. It claimed the juice pH
value decreases while being stored or delayed during trans-
portation of canes, increasing juice acidity. The intermingled
levels of high acidity and low pH may be known for the
formation of acids, which may be related to the development
and propagation of the microbes particularly where the oxy-
gen is limited [12, 22]. Acidity to be involved in sugarcane
deterioration [37] and to have a positive correlation with
Leuconostoc bacterial activity.

3.5 Invertase Activity in Cane Juice

Invertase activities dependable post-harvest sucrose losses
in sugarcane. Commonly, immature internodes have exten-
sively higher invertase activity. Over time after harvest,
increased invertase activity lowers the amount of recover-
able sugars because it activates the invertase enzyme [38],
which lowers milling efficiency.

From three days to nine days after staling, invertase
activity in harvested canes increased in both control and
treated canes (Table 1). After 9 days of harvest, the control
canes had the greatest increase in invertase activity value
from 20.15 to 43.12 umol sucrose hydrolyzed/mg/protein/
hr with a percentage change of 114%. While the canes
treated with a foliar spray of 5% neem cake extract and
5% dried neem leaf extract (T6) had the least increase in
invertase activity value from 20.18 to 32.15 pmol sucrose
hydrolyzed/mg/protein/hr with a percentage change of
59.32%. This is followed by a pre-harvest spray of 2%
SMS + foliar spray of BKC @ 2000 ppm in heaping of
sugarcane treatment (T4) with invertase activity value
from 20.60 to 34.76 umol sucrose hydrolyzed/mg/protein/
hr with percentage change of 68.74%. Cane tissue loses its
specificity once it has been harvested due to the invertase
activity. After the cane is harvested, invertase activities
play a role in sucrose degradation, which reduces sugar
yield and recovery [39, 40]. Invertase activities have been
observed to become active shortly after cane harvest for
several rationales, Leuconostoc development is one of
them in harvested canes because this organism is capable
of reversing sucrose into fructose and glucose.

3.6 Sucrose Content in Cane Juice
The critical issue of post-harvest sucrose losses in sugarcane

must be addressed by farmers and sugar millers. Farmers lose
a lot of sucrose when they leave cut canes in the fields for a
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Table 1 Influence of sodium metasilicate and organic source on invertase activity and sucrose content of sugarcane at different staling periods

Treatments Invertase activity (umol sucrose hydro- ~ Sucrose content (%)
lysed/mg/protein/hr)
Odays 3days 6days 9days Odays 3days 6days 9 days
Tr.1- Heaping of sugarcane (control) 20.15 28.25 32.85 43.12 18.48 17.83 17.02 15.21
Tr.2- Heaping and covering with trash 20.21 26.57 34.25 42.10 18.74 18.38 17.82 16.06
Tr.3- Sodium metasilicate (Pre-harvest spray) 20.25 28.06 36.54 38.08 19.52 19.09 18.62 17.57
Tr.4- Sodium metasilicate (Pre-harvest spray) + foliar spray ~ 20.60 28.25 30.78 34.76 19.7 19.46 18.97 18.23
of benzalkonium chloride
Tr.5- Foliar spray of benzalkonium chloride (Anti-inversion ~ 20.36 28.56 36.32 39.25 19.24 18.89 18.33 17.04
and Anti-bacterial)
Tr.6- Foliar spray of neem cake + dried neem leaves extract ~ 20.18 26.57 28.59 32.15 20.11 20.08 19.66 18.62
Tr.7- Foliar spray of Nisin (Lactobacterical) 21.56 28.23 31.56 42.45 19.25 18.62 18.21 17.00
SEd 0.46 0.39 0.61 0.51 0.34 0.33 0.26 0.44
CD (p=0.05) 1.00 0.85 1.34 1.11 0.73 0.72 0.56 0.96

few days [41]. Additionally, microbes influence post-harvest
sucrose losses. When they invade the harvested canes, they
alter the quality parameters. Due to the mature internodes
with high sugar content when bacteria enter the harvested
stalk through cuts they flourish there [42]. A significant fac-
tor in the deterioration of sucrose has been identified as Leu-
conostoc bacterium invasion in harvested sugarcane.

The cane juice quality of sucrose content decreases
with the time between harvest and staling period increases
(Table 1). Based on staling period, sucrose declined most in
control canes and reached 15.1% after 9 days of staling with
a percentage change of 17.69% which is followed by canes
treated with heaping and covering with trash (14.30%), Nisin
(11.69%), BKC (11.43%) and SMS (9.99%). The lowest
percentage change of sucrose content was observed with
SMS +BKC (7.46%) and neem extract (7.41%) which were
comparable to each other. In harvested stale canes, the rate
of respiration increases quickly, leading to an increase in

reducing sugars and deprivation in sucrose condensation.
Stacked sugarcane significantly influences the deterioration
of sucrose due to the release of carbon dioxide during res-
piration which increases temperature and accelerates dete-
rioration. The reduced sucrose content was more as staling
period increased [32] and delays in the cut-to-crush process
caused the cane to dry out too much and cause a significant
reversal of sucrose due to respiration [33].

3.7 Single Sugarcane Weight

The single cane weight of sugarcane at different staling peri-
ods is presented in (Table 2). All the treatments applied on
harvested sugarcanes exhibited better results in comparison
to control canes from the time of harvest until 9 days after
staling. In control, the highest percentage change of single
cane weight from 0 to 9 days after a staling period with
40.95%. Among the treatments, foliar spray of 5% neem

Table 2 Influence of sodium metasilicate and organic source on single cane weight and commercial cane sugars at different staling periods

Treatments Single sugarcane weight (g) Commercial cane sugars (%)
0 days 3days 6days 9days Odays 3 days 6 days 9 days
Tr.1- Heaping of sugarcane (control) 1.05 0.81 0.74 0.62 12.86 12.09 10.86 9.08
Tr.2- Heaping and covering with trash 1.52 1.31 1.28 0.95 13.02 12.56 11.50 9.95
Tr.3- Sodium metasilicate (Pre-harvest spray) 2.01 1.65 1.54 1.45 14.25 13.29 12.37 11.81
Tr.4- Sodium metasilicate (Pre-harvest spray) + foliar spray ~ 2.00 1.7 1.64 1.53 14.38 13.50 12.63 12.46
of benzalkonium chloride
Tr.5- Foliar spray of benzalkonium chloride (Anti-inversion ~ 1.97 1.66 1.56 1.42 14.05 12.78 12.04 11.53
and Anti-bacterial)
Tr.6- Foliar spray of neem cake 4+ dried neem leaves extract ~ 2.03 1.76 1.68 1.58 14.68 13.97 13.77 13.08
Tr.7- Foliar spray of Nisin (Lactobacterical) 1.79 1.35 1.3 1.23 13.68 12.66 11.87 11.00
SEd 0.04 0.03 0.03 0.03 0.36 0.37 0.34 0.32
CD (p=0.05) 0.09 0.06 0.05 0.05 0.72 0.74 0.69 0.64
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cake extract and 5% dried neem leaves extract (T4) and a
pre-harvest spray of 2% SMS on 3 days before harvest with
foliar spray of BKC @ 2000 ppm in heaping of sugarcane
(T,) treated cane showed a marginal difference in decreasing
pattern after 6 days of staling. The least percentage change
of 22.17% and 23.50% was obtained in the T6 and T4 treat-
ments, respectively after 9 days of staling were comparable
will aid in reducing cane weight loss because the staling
period is directly related to loss in cane moisture content.
The cane growers may suffer significant financial losses if
the gap between cutting and milling widens. The rate of
moisture loss in sugarcane is influenced by cane storage time
and technique [43].

3.8 Commercial Cane Sugars

When analyzing post-harvest sugarcane losses, commercial
cane sugars are crucial because they show how much cane
sugar is commercially available. The study revealed that a
decrease in commercial cane sugar content was seen in all
treatments with different staling periods. After 10 days of
harvest, control canes show a sharp decline in commercial
cane sugars, whereas in treatments of foliar spray of 5%
neem cake extract and 5% dried neem leaves extract (T,) and
pre-harvest spray of 2% SMS on 3 days before harvest with
foliar spray of BKC @ 2000 ppm in heaping of sugarcane
(T,) showed a gradual decline. With the reduction in time
after harvest, there was a higher reduction in commercial
cane sugars in control canes with values of 12.86% to 9.08%
during O to 9 days after the staling period of cane. The lowest
decline of commercial cane sugars was obtained in a foliar
spray of 5% neem cake extract and 5% dried neem leaves
extract (T) and a pre-harvest spray of 2% SMS on 3 days
before harvest with foliar spray of BKC @ 2000 ppm in
heaping of sugarcane (T,) with values of 14.68% to 13.08%

Fig.2 Leuconostoc colony and
their species identification by
rDNA sequencing method

@ Springer

and 14.38% to 12.46% during 0 to 9 days after harvesting
time of cane, respectively.

The highest reduction percentage change of commercial
cane sugars was showed by control canes (29.39%) which
is followed by canes treated with heaping and covering
with trash (23.58%), Nisin (19.59%), BKC (17.94%), SMS
(17.12%). The lowest commercial cane sugars reduction per-
centage change was observed with neem extract (10.90%)
which is significantly comparable with the SMS + BKC
(13.35%). Commercial cane sugar reduction is correlated
with the reduction of sucrose and cane weight [6, 44]. The
nature of neem products possesses antimicrobial effective-
ness especially higher antibacterial activity capacity [45,
46]. Similarly, the potent antibacterial effect of silicon
components for gram-positive and gram-negative bacterial
pathogens [47] by creating oxidative injury to its membrane
led to bacterial dead [48—51]. These specific characteristics
of neem products and SMS component helps to reduce the
spoilage of sugarcane quality parameters during an extended
period of staling for milling and provided higher commercial
cane sugars recovery compared to all other treatments.

3.9 Identification of Leuconostoc spp.

Cane juice samples that were plated in Leuconostoc-spe-
cific media resulted in colonies that were shiny, smooth, and
clear. They were found to be gram-positive. In studies on
pH (pH levels 4.0 to 7.0); profuse colonies were discovered
in pH 7, while pH 4.0 showed no growth. It was clear from
the carbohydrate fermentation profile with various carbon
sources that the bacteria cultivated after 24 to 48-h incuba-
tion used glucose, maltose, sucrose, fructose, and dextrose
as carbon sources and released oxygen. However, they didn't
use starch. All of these characteristics supported Bergey’s

95

Leuconostoc suionicum LMG 8159
88
Leuconostoc mesenteroides R1
89
Leuconostoc sp. JICM 8610
95 ‘ Leuconostoc sp MTCC 10508
\ . .
| Lactobacillus ultunensis Kx146C1
| Y

89
‘ Lactobacillus kimbladii Hma2N

92}

Bacillus subtilis 1AM 12118
Leuconostoc pseudomesenteroides FDA1004
Pseudomonas oleovorans 63

0.37
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manual assertion that Leuconostoc spp. was present in sugar-
cane juice. The isolated strains’ identification as Leuconostoc
mesenteroides R1 was further supported by molecular testing,
and they were given the accession number. The phylogenetic
connections to other Leuconostoc sp. were shown in (Fig. 2).

4 Conclusion

Post-harvest losses are a subject to consider and realize
because the decrease in quality of cane juice like sucrose
content over the period following cane harvest leads to low
sugar recovery and reduces mills financial prudence. The
research study demonstrated was revealed that foliar spray
of treated cane with 5% neem cake extract and 5% dried
neem leaf extract produced the best results in reducing post-
harvest losses when compared to control and other treat-
ments tried in this experiment. Because it had a dual effect
on Leuconostoc spp. inhibition and sucrose inversion pro-
cess control by acquiring more antibacterial action ability.
So, neem extract act as a low-cost source to diminish post-
harvest losses in sugarcane. On the other hand, considering
chemical component treatments, the neem extract treatment
was comparable with a pre-harvest spray of 2% sodium meta
silicate 3 days before harvest with a foliar spray of ben-
zalkonium chloride of 2000 ppm in heaping of sugarcane
due to effective antibacterial consequence of silicon-based
constituent. This is finally reflected in post-harvest quality
management of sugarcane with different staling periods.
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