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This study was conducted to evaluate the effect of urea and molasses addition on physical properties,
pH, temperature, dry matter loss and chemical composition of sugarcane top (SCT) silage. Treatments
were arranged as 2*4 factorial, with two SCT types (green and burnt) and four silage treatment types
(without additive, 4% molasses, 1% urea and 1% urea + 4% molasses) in a completely randomized
design. Forages were chopped into 2 to 3 cm, treated with the additives and ensiled in 1.09 L mini silos
for 45 days. The best average score values for smell, color, texture, mold appearance and pH was noted
in silages made without additive or with molasses. The desirable pH (3.7 to 5.0) was obtained in all
silages, except in green SCT ensiled with urea-based additives, while lower (P<0.0319) total dry matter
loss (2.31%) and temperature (26°C) were noted in green SCT ensiled with molasses alone. Silage
protein content increased (P<0.0001) with urea addition, but not (P>0.05) with molasses alone. Fiber
fractions (NDF, ADF and ADL) of burnt SCT were not affected (P>0.05) by additives, while NDF
increased with urea based additives and ADF decreased with molasses based additives in green SCT
silage. The highest (P<0.0001) in vitro dry matter digestibility (53.68%), organic matter digestibility
(48.34%) and metabolizable energy (7.74 MJ/kg DM) content were observed contained in burnt SCT
silage treated with urea-molasses mix, whereas a significant reduction (P<0.0001) in non-fiber
carbohydrate content was observed in green SCT ensiled with urea (8.4%) and urea + molasses (1.65%).
In conclusion, both burnt and green SCT can be adequately fermented and preserved as silage without
additive; however silage nutritive value, particularly of burnt SCT can be further enhanced by ensiling
with urea and molasses.
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INTRODUCTION

Feed deficit is a critical bottleneck to livestock production and frequent drought occurrence. However, there are
in Ethiopia. The root causes are shrinkage of natural potentially available unconventional feedstuffs that if
grazing land, underdeveloped forage production, low properly exploited, can support livestock production.
availability and poor quality of feeds, high cost of feeds Sugarcane top (SCT) is one of such feed resources



largely available at sugar factories and in private farms in
Ethiopia. At factory level, it is often available in burnt
form, after cane harvesting, representing 15 to 25% of
plant biomass (Suttie, 2000) or 25 to 30% of cane yields
that is equivalent to 5 to 6 tons DM per hectare. Recently,
a number of new sugar factories are emerging in
Ethiopia, generating large amount of sugarcane top for
livestock feeding mainly for farms close to the factories.
Also, over 31,236 hectares of land are covered by
business-oriented private cane plantation (CSA, 2017) of
diverse germplasm and production potential (Tena et al.,
2016), which significantly contributes to farm level green
SCT production.

Sugarcane top is highly palatable with good intake
characteristics for livestock (Suttie, 2000). It is
comparable with average quality grass hay, but deficient
in protein, mineral and energy (Leng and Preston, 1985).
A notable problem with SCT is that it loses quality
through time, becoming rough and less palatable to
animals during drying and storing. When stored for longer
period, it forms mold and deteriorates in quality. Studies
have shown that ensiling is a possible means of
conserving SCT (Siqueira et al.,, 2009; Akinbode et al.,
2017). .Sugarcane top is rich in water soluble
carbohydrate (155 g/kg DM (Khanal et al., 1995), 82.5
g/kg DM (Chaudhry and Naseer, 2008)), which is of a
desirable characteristic for successful ensiling. Therefore,
fresh SCT silage making might have a comparative
advantage over hay making for ruminant livestock
feeding.

Application of additives in silage making is one of the
management practices crucial at ensiling time, storage
and feed-out phase to reduce nutrient loss and improve
its nutritive value. Various chemical and biological
additives have been used to control undesirable
microorganisms (e.g, aerobic bacteria and fungi) and
improve aerobic stability in silages (Pedroso et al., 2008;
Pedroso et al.,, 2011; Siqueira et al., 2011). The most
useful additives are molasses, which is a source of
fermentable carbohydrate, and urea that provides
fermentable nitrogen for microorganisms in the silage and
rumen of the animal. Also, urea has buffering capacity by
raising the pH of the silage at early stage of fermentation
that might inhibited yeast growth. Various studies have
illustrated the beneficial effect of urea and/or molasses
applications in silage making (Suéarez et al.,, 2011;
Kaensombath and Lindberg, 2013; Kung and Shaver,
2001; Khanal et al., 1995; Tadesse et al., 2014).

In Ethiopia, surplus SCT is often available during dry
season when cane harvesting is practiced and green
fodder for livestock feeding is most limited. Therefore, a
proper conservation practice to optimize its use for
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livestock feeding has to be investigated. Moreover,
limited studies have been done on SCT silage
manufacture in the country. Hence, this study was aimed
to evaluate the role of urea and molasses application on
physical properties, fermentative quality and nutritive
value of burnt and green SCT silages.

MATERIALS AND METHODS
Experimental site

The experiment was conducted at Debre-Zeit Agricultural Research
Centre (DZARC), livestock research farm, located at 45 km
southeast of Addis Ababa (08°44'N latitude, 38°58'E longitude;
altitude of1900 m above sea level). The area is known for bimodal
rainfall, with average annual rainfall of 814 mm and minimum and
maximum temperature of 10.9 and 28.3°C, respectively (DZARC,
unpublished data).

Treatments and design

The treatments were set in a 2 x 4 factorial arrangement of
treatments (2 sugarcane top forms (green and burnt) and 4 silage
treatment types (no additive, 4% molasses, 1% urea, and 1% urea
+ 4% molasses) in a completely randomized design. A polyethylene
container (“mini silo”) with a volume of 1.09 L was used in 5
replicates per treatment, making a total of 40 experimental silos.

The additives were added on the basis of forage dry matter.
Fertilizer grade urea was used for this purpose. The levels of
application were adopted from research reports (Suérez et al.,
2011; Khanal et al., 1995).

Sampling and ensiling procedure

Sugarcane top of mature cane (variety N-14, or Natal) were
collected from Wonjishoa sugar factory plantation before and after
burning at harvesting. The cane field was often burnt to ease the
harvesting practices and add ash to the soil. The sugarcane was
grown on heavy black soil (Vertisols), aged 23 months and
harvested at 1st stage of cutting after planting. Sampling was done
randomly at six marked specific sites (at equal interval) along the
gradient line (diagonally and horizontally) in one hectare cane field.
The green SCT were sampled overnight before burning, while the
burnt samples were taken in the next morning from the same site.
The cutting point for SCT sampling was used by staff (cutters) of
the sugar factory for cane harvesting. Immediately after cutting, the
respective samples were put into polyethylene sheet and
transported to the research center. After arrival, the burnt and green
samples were mixed thoroughly and independently, chopped using
electrically operating machine (Ethio-chopper, Ethiopia) into 2 to 3
cm length. The amount of chopped SCT (green/burnt) used for
ensiling was weighed and wilted under shade, to attain about 35%
DM for both burnt and green SCT (Table 5). Urea was diluted with
water at a ratio of 1:1.5 when used as sole additive. When
molasses alone, or urea and molasses were mixed, the amount of
water used for dilution equaled the amount of molasses used by
weight (Suarez et al., 2011).
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Table 1. Description of physical characteristics and scale (1-4) used as indices of silage quality assessment.

Rating scores Smell Color Texture Moldiness pH
1 (Bad) Rancid and musty smell /pungent/ Dark/deep brown Putrefactive and agglutinative Highly moldy >5.0
2 (Moderate) Irritative /offensive; alcohol, acidic Brown (Medium) Slightly viscous /slimy Medium 4.4-5.0
3 (Good) Light acidic (pleasant) Brown yellow Medium (loose and soft, firm) Slightly moldy 4.1-4.3
4 (Excellent) Pleasant and sweet- acidic (very pleasant)  Light /greenish yellow/Olive green  Loose and soft, Firm Without mold <4.0

Source: BAPH (1996);0sosanya and Olorunnisomo (2015)

The chopped materials were weighed, except for the
control all were thoroughly mixed with the respective
additive on polyethylene sheet laid on concrete floor. The
forages were filled into the mini silos lined inside with
polyethylene sheet. All silos were filled at similar packing
density (767 g per 1.09 L plastic bottle) by hand filling and
pressing with a wooden stick. The tightly packed silos were
immediately closed, tightly sealed and placed under shade
which is allow to ferment for 45 days at room temperature.
Adequate samples of the respective untreated and treated
materials were taken at ensiling, put in polyethylene bags,
sealed and stored in deep freezer (-20°C), awaiting for
laboratory analysis.

Silage temperature and pH

On day 45 of ensiling, all silos were weighed. Temperature
after opening each silo was measured using a laboratory
thermometer inserted into silo’s center. After observation
for mold occurrence, the silages were removed,
homogenized and sampled in two parts where one part
was immediately frozen, while the remaining was used for
physical characteristics assessment.

About 20 g of frozen silage sample per treatment was
taken in a beaker to which 100 ml of distilled water was
added (AFIA, 2011). The samples were blended using a
glass stirrer and left for 1 h before filtering with filter paper.
Silage pH was measured from the extract using a
conventional digital pH meter (Hanan Bench top pH meter),
calibrated with buffer solutions (pH 4 and 7).

Visual appraisal of silage quality

The contents of the silos were evaluated for physical
attributes by a panel discussion involving six trained

personnel on the indices and scales of silage quality
characterization. The panelists were all from the
Department of Livestock Research with different
professional background, but had experience on silage
making. They were trained on how to apply the criteria set
(subjective score 1-4; Table 1) and exercised them before
commencing the actual evaluation, independently.

Observation for mold formation was done starting from
the silo opening time, while color, smell and texture were
evaluated after silo content extraction. The visual
observation for color assessment was also aided by
standard color charts. The score values of each individual
for all attributes were used in the statistical analysis.

Chemical analyses of samples

Sugarcane top samples (intact green, burnt and silages)
were dried in a forced air oven at 60°C for 72 h and ground
to 1.0 mm size in a Wiley mill. For all silage samples, dry
matter (DM), crude protein (CP=N * 6.25), ash, ether
extract (EE), calcium (Ca) and phosphorus (P) contents
were determined according to AOAC (1990), while neutral
detergent fiber (NDF), acid detergent fiber (ADF) and acid
detergent lignin (ADL) contents were analyzed according to
Van Soest and Robertson (1985). The in-vitro organic
matter and dry matter digestibility coefficients (IVOMD and
IVDMD) were determined according to Tilley and Terry
(1963) by applying a two-stage digestion process, in which
samples were first fermented in rumen fluid obtained from
donor animals, followed by acid digestion.

Total dry matter loss (TDML) was calculated by DM
weight loss in the silage ((DM of forage -DM of silage)/DM
forage*100) (Pedroso et al., 2011), Non-fibre carbohydrate
by (% NFC) = 100-% (CP + Ash + EE + NDF) (Hall, 2000)
metabolizable energy by (ME, MJ/kg DM) = IVDOMD (g/kg
DM) *0.016 (McDonald et al., 2010) and Hemicelluloses =

NDF-ADF.

Statistical analysis

The data were subjected to analysis of variance using
General Linear Model procedure of SAS program (SAS,
2004). When interaction between factors was non-
significant, only main effect means were presented and
discussed, otherwise simple effect means were presented.
Mean separation was done using Tukey test at 5%
probability.

The statistical model used was: Yij = y + ai + Tj + (aT)jj
+ €ij; where; Yij is the response variable; u = Overall
mean, ai = the effect of cane top type (i = burnt and fresh);
Tj = Effect of silage treatment type (j = £ additive), (aT)ij =
Interaction effect of cane top type "i" with silage treatment

type "j" and ¢ijk = the experimental error.

RESULTS AND DISCUSSION
Chemical composition of SCT and molasses

The chemical composition of sugarcane top and
molasses is indicated in Table 2. The burnt and
green SCT did not differ markedly in nutrient
contents.

However, burnt SCT had slightly lower contents
of CP and NFC and higher in other parameters,
except ADF, than the green SCT. The losses of
moisture and some organic matter, occurred
during burning probably elevate the concentration
of some nutrients in burnt SCT.
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Table 2. The average chemical composition (% DM unless specified) of sugarcane top and molasses.

Burnt SCT (n=5)

Molasses (n=2)

27.34 75.07
2.45 3.15
11.70 14.04
1.42 ND
68.80 0.30
39.20 0.11
6.40 0.12
29.60 0.19
0.56 1.30
0.33 0.90
53.22 ND
48.22 ND
7.71 ND
15.63 ND
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Parameters Green SCT(n=5)
Dry matter (%) 23.05
Crude protein 2.77
Ash 10.80
Ether extract 1.22
Neutral detergent fiber 68.40
Acid detergent fiber 39.20
Acid detergent lignin 5.40
Hemicelluloses 29.20
Calcium 0.38
Phosphorus 0.19
In vitro dry matter digestibility 52.03
In vitro organic matter digestibility 47.03
Metabolizable energy (MJ/kg DM) 7.52
Non-fiber carbohydrate 16.81

n= number of replicates; ND= not determined.

Similar to the present finding, a slight increase in DM,
ash and hemicelluloses, but reduced NDF, ADF and ADL
were reported in burnt than green SCT (Magafa et al.,
2009). On the other hand, Ramirez-Cathi et al. (2014)
researched on green and burnt SCT of four mature
sugarcane varieties and found no difference (P>0.05) in
DM, CP, NDF, ADF, ash and in-vivo digestibility values
among varieties and harvest types.

The present average CP content of green SCT was
lower than the reported values by other studies
(Akinbode et al., 2017; Sharma et al., 2012; Khanal et al.,
1995). However, Sharma et al. (2012) stated that various
green SCT varieties when sampled at 3rd stage of cutting
had a CP content as low as 1.5%, while other
researchers reported a level ranged from 2.5 to 3.6% CP
(Tadesse et al., 2014; Ramirez-Cathi et al., 2014;
Anteneh, 2014). The variation in CP values may be
associated with the differences in varieties, stage of
growth and/or nitrogen fertilizer application.

Nevertheless, all of them had CP values below the
optimum level for rumen fermentation. Similarly, contents
of the fiber components (NDF, ADF and ADL) and EE
were within the range of values reported in previous
studies (Tadesse et al., 2014; Sharma et al., 2012;
Gendley et al., 2002). However, significantly higher ADL
contents (14%DM) of green SCT than the present results
were reported by Akinbode et al. (2017) and Anteneh
(2014). Hemicelluloses and P content of green SCT in
the present study were close to the values reported by
Gendley et al. (2002).

Silage pH, physical properties, temperature and dry
matter loss

The pH of pre-ensiled materials (treated/ untreated SCT)

was higher (P< 0.05) for sole urea treated SCT compared
to untreated one (control), but not varied among other
treatments (Table 3), partly indicating the buffering effect
of urea even at the initial stage. Regardless of the
treatments used, initial pH was higher (P=0.0025) in
green than in burnt SCT. The pH of SCT after 45 days of
fermentation was affected by the interaction of treatment
and SCT type (P<0.05); with the burnt SCT being
unaffected by treatment while values for urea containing
treatments were higher as compared to untreated and
4% molasses treatments in green SCT silage.

On the other hand, except for SCT treated with urea
and molasses combination where the pH was lower for
the burnt SCT, the pH of the burnt and green SCT were
similar for the other three treatments containing urea. The
results signify that, both the green and burnt SCT has
adequate soluble sugar for satisfactory fermentation.
Similarly, low pH value of SCT silage ensiled without
additive was reported (Khanal et al., 1995). Furthermore,
Heikkila et al. (2010) reported that, wilting pre-ensiled
grass to DM content above 30% restricted the extent of
fermentation resulting in well-preserved silage at no use
of additive. Except for green SCT that ensiled with urea
containing additive, the rest of the silages had pH within
the range 3.7 to 5.0 acceptable for good to average
quality silage (McDonald et al., 2010). The drop in pH at
the end of ensiling from the initial value is presumably a
consequence of production of organic acids (McDonald et
al., 1991).

While molasses was exclusively added, silage pH was
similar to that of control, probably indicating that SCT had
the threshold soluble carbohydrate to trigger the
production of lactic acid. However, when SCT was
ensiled with urea exclusively, the levels of pH were
significantly increased (P<0.05) over that of control silage
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Table 3. pH, Temperature and total DM loss of sugarcane top ensiled with or without urea, molasses and their combination.

Treatment (T) SCT type Effect (P-value)
Parameter SCTtype Control Mol-4% Urea-1% 1%Urea + 4%Mol SEM Burnt Green SEM SCT type T SCT type x T
pHi 5.54° 5.64%° 5.72° 5.64%° 0.03 558" 5.69° 0.02 0.0025  0.0051 0.7953
H @454 Burnt 413" 4.19° 4.69% 4.18° 0.15 - - - 0.0007  <.0001 0.0007
P Green 404> 414° 5.30° 5.28° - - - - ; - ;
TDML (%) Burnt 313"  6.06%°  595%° 5.00%° 1.17 - - - 0.1651  0.0319 0.0149
Green 5.81%°  2.31° 8.19% 8.50° - - - - - -
Temp. (°O) Burnt 29.00° 29.80°  29.80° 29.40% 0.31 - - - <0.0001  0.0004 <.0001
P- Green 29.40°  26.00° 28.9% 28.10° - - - - - -

*“Means with different superscript within treatment and SCT type in the same row differ (P < 0.05); pHi= pH before ensiling; TDML = total DM loss;
temperature; d= day; SEM = standard error of the mean.

especially for green SCT above the recommended
pH 4.5, indicating that urea might have reduced
fermentation and acid production during ensiling.
During ensilage, the ammonia released from urea
is slightly basic, causing delay in pH drop and DM
loss in grass silage (Kung and Shaver, 2001).
Molasses when used in combination with urea
failed to significantly counter-act the effect of urea
alone to reduce silage pH both in green and in
burnt SCT silages.

However, Khanal et al. (1995) reported a
significantly reduced pH of green SCT silage
treated with urea and molasses combination when
compared with urea only treated with green SCT
silage. Generally the application of silage
additives used in the current study had no
beneficial effect in reducing total dry matter loss.
Similar to the result of the current study, increased
pH were observed in green SCT (Khanal et al.,
1995) and Napier grass (Samanta et al., 2001)
ensiled with urea and urea-molasses as additive,
leading to poor fermentation of silage.

Total dry matter loss was lower (P<0.05) in

green SCT ensiled with molasses alone than the
other additive containing treatments. Paderoso et
al. (2011) reported 31% reduction in dry matter
loss of sugarcane silage when ensiled with urea at
lower dose (0.5%) than the present dose. Treating
green SCT with urea alone resulted in three-fold
TDML over molasses alone in silages (2.31 vs.
8.19), implying that undesirable microbes might
have been favored by urea than molasses
addition.

The temperature of silages measured upon
opening the silos, ranged from 26 to 29.8°C.
Value were similar among treatments for the burnt
SCT, while for green SCT, the temperature of
molasses alone treated silage was lower than the
silage treated with combination of molasses and
urea. The present silage temperatures of SCT
ensiled without additive which exceed the value of
26°C as reported by Akinbode et al (2017) after
42 days of ensiling. Temperature range from 27 to
32°C is often acceptable as indicator of good
fermentation status of silage. Kung (2011)
suggested that, silage temperature of small silos

Mol = molasses; Temp. =

similar to the ambient temperature or just a few
degrees warmer is normal. Thus, the result of this
study showed that the generated heat was small,
indicating the occurrence of minimal aerobic
deterioration. Excessive heat production due to
aerobic oxidation leads to browning (Millard)
reaction, forming protein and carbohydrate
complex that inhibits protein and fiber digestion
(Bolsen et al., 1996).

There was no significant interaction between
treatment and SCT forages, except for texture and
pH, on the average score values of silages (Table
4). The average score value for smell increased
(P<0.001) for molasses containing additives when
compared to the control, and was higher
(P<0.0025) in burnt than the green SCT silage.
The score for color was lower in silages treated
with molasses + urea than with molasses alone.
Score for texture was higher (P=0.0047) in
molasses containing treatments of the green SCT
than burnt SCT silages, and among the
treatments differences were observed between
control and molasses+urea containing treatments
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Table 4. Average score values (*scale: 1-4) for physical properties and pH of SCT ensiled with or without urea, molasses and their combination.

Treatment (T) SCT type Effect (P-value)

Parameter SCTtype Control Mol-4% Urea-1% Urea-1% +Mol4% SEM Burnt Green SEM SCT type T SCT type x T
Smell - 3.23" 3.81° 3.48% 3.63° 0.09 3.65° 3.42° 0.06 0.0161  0.0010 0.1427
Color - 353" 363 3.59% 3.24° 0.10 342 357 0.07 0.1304  0.0335 0.5066

Burnt 3.79® 351" 363" 3.37° 0.06 - - - <0.0001  0.0047 0.0031
Texture a a abe ab

Green 3.82 3.91 3.64 3.76 - - - - - - -
Moldiness - 3.09° 3.67% 3.08" 3.16% 0.13 3.45% 3.05° 0.09 0.0049  0.0110 0.1874

H Burnt 3200  3.20° 1.80° 3.20% 0.25 - - - 0.0092  <.0001 0.0003

P Green 360°  3.00°  1.60° 1.20° - - - - - - -
Average - 341"  358° 3.1° 3.16" 0.07 3.39° 3.23° 0.05 0.0328  <.0001 0.2594

#“Means with different superscript within treatment and SCT type in the same row differ (P< 0.05); *(1- bad; 2-moderate;3-good; 4- excellent); Mol = molasses; SEM = standard

error of the mean.

for the burnt SCT. Moldiness score increased in
molasses based additives, and was higher in
burnt than green SCT silages. Generally, a slight
mold was observed on top of all silos, which could
be due to air trapped while sealing. The score of
pH was lower for urea treated silages than other
treatments.

Accordingly to the scale used in this study, the
average score values of the silages indicated that
the best physical attributes and pH values were
attained when SCT was ensiled without additive
or with 4% molasses alone. Akinbode et al. (2017)
reported that green SCT ensiled without additive
which had a greenish yellow color, pleasant smell
and slightly moldy.

Change in dry matter and nutrient composition
There was a significant interaction between

treatments and sugarcane top types (P<0.05) on
chemical composition of silages except for ether

extract (Table 5). For burnt SCT molasses + urea,
additive treatment was higher than the other
treatments, while for green SCT molasses + urea
additive treatment had the highest and the control
had the lowest DM content of pre-ensiled forages.
Addition of molasses increased (P<0.05) DM
content of fermented green SCT silages as
compared with control silage, or that treated with
urea alone. Generally there was a reduction of
less than 4.6% in DM content of the ensiled
material as compared to pre-ensiled SCT,
presumably due to loss of soluble nutrients during
fermentation. McDonald (2010) reported that up to
5% DM loss occurring during ensiling process is
considered as normal.

Addition of molasses alone do not increase
(P>0.05) CP content when compared with control
silages. However, SCT ensiled with urea based
additives had significantly higher (P<0.05) CP
content than the treatments without. These results
are in agreement with reports of Pedroso et al.
(2011), where urea addition increased CP content

of sugarcane silage. In contrary, Khanal et al.
(1995) reported that no difference in CP content
between control and urea treated green SCT
silages, but increased when molasses was
included at 3 to 12% DM. The NDF content
increased with urea based additives, while ADF
decreased with molasses based additives in
green SCT. For burnt SCT, NDF and ADF values
for molasses + urea additive silage was lower
than urea alone additive silage. This could be
possibly due to low acid condition of urea treated
silages, resulting in reduced NDF solubility and/or
increased loss of soluble nutrients. With increase
in silage acidy a decrease in NDF content was
reported (McDonald et al., 1991). The increase in
fiber components of SCT silages associated with
urea based treatments could be due to loss of
some fermentable carbohydrates, leading to rise
in the concentration of NDF in DM.

The application of molasses alone lowered NDF
in green than burnt SCT silage, while the reverse
is true with urea and molasses combination. This
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Table 5. Chemical composition of SCT silage untreated or treated with urea, molasses and their combination.

Bunt SCT silage Green SCT silage Effect (P-value)
Parameter  Control  Mol-4%  Urea-1%  Urea-1% +Mol -4% Control  Mol-4%  Urea-1%  Urea-1% +Mol-4%  SEM SCT type T SCT'T
DM 3497 35.57ced 35.48¢d 36.240¢ 35.12¢ 36.55° 36.160c 37.422 0.15 <.0001 <.0001 0.0164
DM 34.4500 34.09 33.940 34,930 33.500 36.262 34,03 35.222 0.41 0.1673 0.0051 0.0059
Ash 11.909%  11.50de 11.92dc 10.97¢ 13.760 12.30¢ 14.1720 14.762 0.17 <.0001 <.0001 <.0001
CP 2.75° 2.82¢ 3.91a0 4,002 3.15¢ 2.80° 3.67° 4.092 0.09 0.3892 <.0001 0.0096
EE 1.443 1.464 1437 1.467 1.592 1.466 1427 1.702 0.084 0.1241 0.3065 0.4080
NDF 68.20c4  70.20% 70.800¢ 67.40¢ 66.20¢ 67.00¢ 72.40° 77.802 0.59 0.0003 <.0001 <.0001
ADF 40.80¢  39.40°c 41.40° 35.60° 46.002 38.80° 44 802 41.60° 0.52 <.0001 <.0001 <.0001
ADL 7.553 6.69bcd 7.0580¢ 7.872 6.12de 5.59¢ 6.770cd 6.554¢ 0.20 <.0001 <.0001 0.0306
Hemi 27.404 30.80%¢  29.4(Qbcd 31.800 20.20¢ 28.20% 27.604% 36.202 0.73 0.0015 <.0001 <.0001
IVDMD 52.812b  51.30pc 50.60¢ 53.682 48.23¢ 50.81bc 45.31e 50.17d 045 <.0001 <.0001 <.0001
[VOMD 45.950 45.050 44.61b° 48.342 42.84¢ 44 250c 40.204 44.21be 0.42 <.0001 <.0001 0.0009
ME 7.35° 7.21° 7.14pc 7.742 6.85¢ 7.08bc 6.43¢ 7.07bc 0.07 <.0001 <.0001 0.0009
NFC 15.702 14.01a0 11.93° 16.172 15.292 16.432 8.34¢ 1.65¢ 0.60 <.0001 <.0001 <.0001
Ca 0.40d 1.44a 0.91be 1.322 0.43¢ 0.65¢ 0.59¢d 1.16a 0.08 <.0001 <.0001 0.0002
P 0.30< 0.51ab 0.642 0.13¢ 0.274 0.59 0.43bc 0.38pcd 0.03 0.3178 <.0001 <.0001

Within treatment and SCT type in the same row, means with different superscript differ (P<0.05); DMi - Dry matter of pre-ensiled forage; DM- dry matter of silage; IVDMD- In-vitro
dry matter digestibility; IVOMD- In-vitro organic matter digestibility; NFC- non-fibrous carbohydrate; Mol-molasses; T- treatment; SEM- standard error of mean.

can be explained from reduction in non-fiber
carbohydrate (NFC) for green SCT silages treated
with urea or, urea + molasses than the
corresponding burnt SCT silages. The loss in
soluble sugar arises from microbial fermentation
which occurs during ensiling (McDonald et al.,
1991).

The in vitro dry matter digestibility (IVDMD) and
organic matter digestibility (IVOMD) were lowest
(P<0.0001) in green SCT ensiled with urea alone.
Except for molasses treated silages, higher
digestibility coefficients were obtained in burnt
than green sugarcane top silages. The highest
IVDMD (P<0.0001) and IVOMD values were
obtained in burnt SCT ensiled with
urea+molasses, which could be related to lower
fiber contents in this treatment (NDF, ADF and
hemicelluloses). In agreement with the present

finding, Khanal et al. (1995) reported increased
IVDMD and IVOMD of green SCT silage ensiled
with urea + molasses when compared to silage
without additive, but addition of urea had no effect
over control.

The highest ME value was noted in the burnt
SCT silage treated with urea + molasses, and the
lowest was in green SCT ensiled solely with urea.
The ME value of intact SCT was reported to be
7.0 MJ/kg DM (McKenzie and Griffiths, 2007).
Higher NFC value was obtained in green SCT
ensiled without additive, or with molasses alone
compared with urea based treatments. In green
SCT silage, this value was low when ensiled with
urea and largely depleted with urea + molasses
treatment. Akinbode et al. (2017) reported that,
green SCT ensiled without additive had 13.9%
NFC after 42 days of ensiling, which approached

the green SCT (15.3%) in the present study.

The higher value of NFC indicated that the
silages were well fermented and preserved.
Moreover, Ferreira et al (2014) reported that,
fermentation characteristics of elephant grass low
in NFC (3.2%) was greatly improved by addition of
cashew bagasse rich in NFC (11.9%). Ether
extract values of the silages were not affected by
SCT types and treatment (P>0.05).

Conclusion

Ensiling SCT with urea and molasses had
beneficial effect on the fermentative quality and
nutritive value of SCT silage. In terms of
digestibility, green SCT was best fermented and
preserved when ensiled without additive or treated



with 4% molasses, while the burnt SCT was best
preserved with 1% urea and 4% molasses combination.

It can however be established that, both burnt and
green SCT can be adequately fermented and preserved
as silage without additive like urea and molasses and
their combination.
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