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Inclusion of discarded banana in sugarcane silage decreases dry 
matter losses and improves its nutritional value¤

La inclusión de banano de descarte en el ensilaje de caña de azúcar reduce las pérdidas de materia seca y 
mejora su valor nutricional

A inclusão de banana de descarte em silagem de cana de açúcar decresce as perdas de matéria seca e 
melhora o seu valor nutricional
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Abstract

Background: Sugarcane silage (SCS) has often been characterized by large dry matter (DM) losses associated 
with reduction in soluble nutrients and increase in indigestible fiber. Objective: To evaluate the effect of including 
discarded fruits on the losses and nutritional value in SCS. Methods: A completely randomized design was used with 
five treatments and five replications. Silages were added with 15% (as-fed basis) papaya (Carica papaya) (SP), acerola 
(Malpighia glabra) (SA), banana (Musa sp.) (SB) or tomato (Solanum lycopersicum) (ST). The control treatment was 
composed only of SCS. Twenty-five (25-L) plastic buckets were used to make the experimental silos, which were 
opened on the 90th day after their closure. Data were analyzed by analysis of variance. Results: Gas losses and total 
DM losses were lower and DM recovery was higher in SB and SA than in the control (p<0.05).  The SB had lower 
content of neutral detergent fiber and acid detergent fiber compared to SP, SA, ST and the control group (p<0.05).  
There was no effect of treatment for ethanol content (p>0.05). However, there was treatment effect for lactic and 
acetic acids, ammonia nitrogen contents, lactic acid bacteria, and yeasts and mold counts (p<0.05). Conclusion: The 
inclusion of 15% banana or acerola in SCS decreases losses and increases DM recovery. Furthermore, the inclusion 
of 15% banana improves the nutritional value of SCS.

Keywords: additives, animal feeding, crop byproduct, fiber content, forage conservation, discard fruit.
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Resumen 

Antecedentes: El ensilaje de caña de azúcar (SCS) es frecuentemente caracterizado por grandes pérdidas 
de materia seca (DM) asociadas con reducciones en los nutrientes solubles y aumentos en la fibra indigestible. 
Objetivo: Evaluar el efecto de la inclusión de frutas de descarte sobre las perdidas y el valor nutricional del 
SCS. Métodos: Se utilizó un diseño completamente aleatorizado con cinco tratamientos y cinco repeticiones. 
Fueron adicionados a los ensilajes, 15 % (materia natural) de papaya (Carica papaya) (SP), acerola (Malpighia 
glabra) (SA), banano (Musa sp.) (SB) o tomate (Solanum lycopersicum) (ST). El control estuvo compuesto 
apenas por SCS. Veinticinco baldes de 25 L fueron usados para hacer los silos, los cuales se abrieron al día 
90 posterior a su cierre. Los datos fueron analizados por análisis de varianza. Resultados: Las pérdidas de 
gases y de DM total fueron menores y la recuperación de DM fue mayor en SB y SA que en el grupo control 
(p<0,05). Los contenidos de fibra detergente neutra y ácida fueron menores en SB comparados con SP, SA, ST 
y el grupo control (p<0,05). No hubo efecto para el contenido de etanol (p>0,05). Sin embargo, hubo efecto 
de tratamiento para los contenidos de ácidos láctico y acético, y nitrógeno amoniacal y recuento de bacterias 
ácido lácticas, levaduras y hongos (p<0,05). Conclusiones: La inclusión de 15% de banano y acerola en SCS 
decreció las perdidas, y aumentó la recuperación de DM. Además, la inclusión de un 15% de banano mejoró 
el valor nutricional de SCS.

Palabras clave: aditivos, alimentación animal, conservación de forraje, contenido de fibra, fruta de 
descarte, subproducto de cosecha.

Resumo

Antecedentes: A silagem de cana de açúcar (SCS) é frequentemente caracterizada por grandes perdas de 
matéria seca (DM) associadas com reduções nos nutrientes solúveis e aumento na fibra indigestível. Objetivo: 
Avaliar o efeito da inclusão de frutas de descarte sobre as perdas e o valor nutricional de SCS. Métodos: Um 
delineamento completamente casualizado foi utilizado, com cindo tratamentos e cinco repetições.  As silagens 
foram adicionadas com 15% (matéria natural) de mamão (Carica papaya) (SP), acerola (Malpighia glabra) 
(SA), banana (Musa sp.) (SB) ou tomate (Solanum lycopersicum) (ST). O controle foi composto apenas por SCS. 
Vinte e cinco baldes de 25 L foram usados para fazer os silos, que foram abertos no 90º dia após o fechamento 
deles. Os dados foram analisados por meio de análise de variância. Resultados: As perdas por gases e de DM 
total foram menores e a recuperação de DM foi maior em SB e SA que no controle (p<0,05). Os conteúdos 
de fibra em detergente neutro e ácido foram menores em SB comparado a SP, SA, ST e o grupo de controle 
(p<0,05). Não houve efeito para conteúdo de etanol (p>0,05). Contudo, houve efeito de tratamento para os 
conteúdos de ácidos lático e acético, e nitrogênio amoniacal e contagens de bactérias láticas, e leveduras e 
fungos (p<0,05). Conclusões: A inclusão de 15% de banana e acerola em SCS decresceu as perdas, e aumentou 
a recuperação de DM. Adicionalmente, a inclusão de 15% de banana melhorou o valor nutricional da SCS. 

Palavras-chave: aditivos, alimentação animal, conservação de foragem, conteúdo de fibra, subproduto 
da colheita, fruta descartada.

Introduction 

Sugarcane is one of the main roughages produced 
in tropical and subtropical regions, mainly due to 
its high productivity. However, the daily harvesting 
and processing of sugarcane demand plenty of labor, 
which is very expensive. Thus, sugarcane has been 
widely used as silage for animal feed. Nevertheless, 
sugarcane silage has often been characterized by large 
dry matter (DM) losses associated with reduction 
of soluble nutrients and increased indigestible fiber 
(Pedroso et al., 2005; Oliveira et al., 2015).

Several studies have aimed to reduce losses and 
improve the nutritional value of sugarcane silage 
(Carvalho et al., 2012; Santos et al., 2015; Gandra 
et al., 2016). Absorbent additives, and agricultural 
by-products have been studies to improve the 
quality of silages with high DM content and soluble 
carbohydrates (Yitbarek and Tamir, 2014). The 
inclusion of detoxified castor bean meal and soybean 
crop residue decreased DM losses and neutral 
detergent fiber content in sugarcane silages (Freitas 
et al., 2006; Oliveira et al., 2015).
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Brazil is one of the largest fruit producers in the 
world (OECD-FAO, 2015). This high yield generates 
a large amount of discarded fruit, which can pollute 
the environment if not properly disposed. Therefore, 
discarded fruits could be used in sugarcane silage to 
reduce DM losses and improve its nutritional value. To 
the best of our knowledge, there are no studies on the 
use of discarded fruits in sugarcane silage. Thus, the 
aim of the current study was to evaluate the effect of 
inclusion of discarded fruits on losses and nutritional 
value of sugarcane silage.

Materials and methods

The study was conducted in the Laboratory of 
Animal Requirements and Metabolism, located at 
the Campus of Agricultural Sciences of Universidade 
Federal do Vale do São Francisco (UNIVASF), in 
Petrolina, Pernambuco, Brazil. Experimental silages 
were produced from sugarcane (variety RB 579) 
planted in Juazeiro, Bahia, Brazil. The sugarcane 
was cut fresh at approximately 18 months and 
chopped and ground in a forage crusher (TRF 400F, 
Trapp®, Jaraguá do Sul, SC, Brazil) adjusted to 2 
cm particle size. 

Sugarcane silages were added with 15% (as-fed 
basis) of papaya (Carica papaya) (SP), acerola 
(Malpighia glabra) (SA), banana (Musa sp.) (SB) 
or tomato (Solanum lycopersicum) (ST). The fruits 
used were over-ripe, at an initial stage of deterioration 
(discarded fruit). The control treatment was composed 
only of sugarcane silage. Urea was added to all 
treatments (1% on a DM basis) to increase the low 
crude protein (CP) content of sugarcane silage. 

Fruits were chopped in a forage crusher. The 
DM content was 9.2, 19.7, 10.2 and 3.4 for acerola, 
banana, papaya and tomato, respectively. Due to the 
low DM contents of fruits, they were sun-dried for 
9 h in 1-cm layers before being added to the silages. 
The nutritional composition of sugarcane and dried 
fruits used for silage production are shown in Table 1.

Twenty-five (25 L) plastic buckets were used to 
make the experimental silos. Two kg of dry sand were 
placed at the bottom of each bucket to absorb leaching 
losses of the ensiled material, and a screen was placed 
on top of the sand to separate it from the silage. The 
silos were sealed with plastic lids and stored at room 
temperature (25 ºC), protected from sunlight and rain. 
Silage density was calculated from the ensiled mass 
and silo volume. Approximately 3.4 kg of fresh matter 
were weighed in each silo. 

The silos were opened on the 90th day after their 
closure. Gas losses were obtained by weight difference 
at the closing and opening of the silo relative to the 
DM weight of the ensiled material. Effluent losses 
were calculated as the difference between initial and 
final weight of the silos containing sand and screen in 
relation to the weight of the ensiled material. Losses 
and DM recovery were calculated from weights and 
DM contents of fresh forage and silage. 

After opening, the contents of the silos were 
homogenized and samples were taken. Silage 
samples were analyzed for DM (method 934.01; 
AOAC, 1990), ash (method 924.05; AOAC, 1990), 
CP (method 920.87; AOAC, 1990), and ether extract 
(EE, method 920.85; AOAC 1990). Neutral detergent 
fiber (NDF) and acid detergent fiber (ADF) were 

Table 1. Nutritional composition of sugarcane and dried discarded fruits used for silage.

Variable Sugarcane Tomato Banana Acerola Papaya

Dry matter (DM; %) 32.0 7.1 34.6 11.3 22.2

Ash (% DM) 2.4 7.8 7.7 6.0 9.6

Neutral detergent fiber (% DM) 56.2 30.1 33.6 32.2 21.1

Acid detergent fiber (% DM) 38.8 28.2 18.5 29.5 19.1

Soluble carbohydrates (% DM) 21.5 3.6 13 3.5 7.1
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determined using the sequential method according 
to Van Soest et al. (1991). Acid detergent insoluble 
nitrogen (ADIN) and total nitrogen (TN) were 
analyzed according to Mertens (2002). Nonstructural 
carbohydrates (NSC) and total carbohydrates (TC) 
were calculated according to Sniffen et al. (1992). 
Water-soluble carbohydrates (WSC) were determined 
by the phenol-sulfuric acid method (Dubois et 
al., 1956). Total digestible nutrients (TDN) were 
estimated as follows (Harlan et al., 1991):

 TDN = 82.75 - (0.704 * ADF)

Fresh silage samples were pressed with a 15-t 
hydraulic press to obtain the silage extract used to 
measure pH, ethanol and organic acids. The pH was 
determined using a digital potentiometer (Digimed 
Analytical, São Paulo, SP, Brazil). The concentrations 
of lactic, acetic, propionic and butyric acids, and 
ethanol were measured by gas chromatography using 
a chromatograph (Thermo Scientific, Sunnyvale, 
CA, USA) fitted with a flame ionization detector and 
automatic sample injection.

An aqueous  ex t rac t  was  prepared  for 
microbiological analyzes. A sample of 25 g of fresh 
sugarcane silage was blended in 225 mL of 0.1% 
sterile peptone water and homogenized in an orbital 
shaker for 20 min. Identification and quantification 
of the different microbial groups were performed 
according to Jobim et al. (2007).

A completely randomized design was used with 
five treatments and five replications. The ST treatment 
had four replicates because one of the silos was lost. 
Data were analyzed by analysis of variance using the 

SAS® (Statistic Analysis System) software, version 
9.1 (SAS Institute, Cary, NC, USA, 2003). The 
statistical model used was as follows: 

Y = μ + α + e

Where: 

μ: is the overall mean. 

α: is the effect of treatment.

e: is the random error. 

The Tukey’s test at 5% of probability was used to 
compare means between treatments.

Results

The values of losses, pH and silage density are shown 
in Table 2. Although effluent losses were numerically 
lower in sugarcane silages enriched with discarded 
fruits compared to control, there were no significant 
differences (p>0.05) between treatments. However, gas 
losses and total DM losses were lower in SB and SA than 
in the control (p<0.05). The ST and SP treatments did 
not differ from the control for gas losses and total DM 
losses (p>0.05). In addition, SB and SA had greater DM 
recovery compared to SP, ST and the control (p<0.05). 
The ST and SP treatments did not differ from the control 
for DM recovery (p>0.05). The highest and lowest 
silage density was obtained in SB and SP, respectively 
(p<0.05). The SA, ST and control had intermediate 
values and did not differ (p>0.05) between them. The 
pH of SB did not differ (p>0.05) from that of ST, but it 
was higher (p<0.05) than those obtained in the control, 
SA and SP treatments.

Table 2. Effect of inclusion of 15% discarded fruits (as-fed basis) on the density, pH and losses of sugarcane silage

Variable Control ST SB SA SP SEM

Density (kg fresh matter (FM)/cm3) 510.0bc 513.2b 556.7a 515.8b 498.2c 4.43

pH 3.51b 3.57ab 3.64a 3.52b 3.51b 0.01

Effluent losses (kg/ton FM) 45.3a 29.6a 27.3a 31.6a 28.5a 2.63

Gas losses (% dry matter; DM) 23.4a 22.5a 13.2b 15.2b 28.4a 1.40

Total DM losses (%) 27.0a 24.9a 15.7b 18.0b 30.6a 1.37

DM recovery (%) 72.0b 75.0b 82.9a 81.9a 69.3b 1.37

Control = sugarcane; ST = sugarcane + tomato; SB = sugarcane + banana; SA = sugarcane + acerola; SP = sugarcane + papaya. SEM = standard error of 
the mean. Means followed by different superscript letters (a, b, c) within the same row differ statistically (p<0.05) by the Tukey’s test.
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Nutritional value of silages is shown in Table 3. 
Control and SB resulted in the highest DM contents, 
while SP had the lowest (p<0.05). Silages enriched 
with discarded fruits had higher ash contents 
compared to the control (p<0.05). The CP and EE 
contents were not affected by treatments (p>0.05). 
On the other hand, the fiber content was affected 
(p<0.05). The SB had lower content of NDF and ADF 
compared to SP, SA, ST and the control. The highest 
and lowest NSC contents were obtained in SB and 
ST, respectively (p<0.05). The ADIN and ADIN:TN 
ratio were higher in SB, SA and SP compared to the 
control and ST (p<0.05). The SB had highest TDN 
content (p<0.05).

The count of lactic acid bacteria (LAB), molds, 
yeasts, and final fermentation product contents of 

the silages are shown in Table 4. The SP had higher 
LAB count than the control (p<0.05). The SB, SA 
and ST did not differ from the control for LAB count 
(p>0.05). The SP had the lowest count of yeasts 
and molds, while the SB had the highest (p<0.05). 
The SA, ST and control had intermediate values. 
There was no effect of treatment for ethanol, soluble 
carbohydrate, propionic and butyric acids contents 
(p>0.05). However, the contents of lactic acid, acetic 
acid, and ammonia nitrogen were affected (p<0.05). 
Lactic acid was higher in ST and SA compared to 
SP, SB and the control, which did not differ between 
them. Acetic acid was higher in the SA compared to 
SP, SB, ST and control, which did not differ between 
them. The SP had higher ammonia nitrogen than the 
control. However, there were no differences between 
the control and ST, SB or SA for ammonium nitrogen.

Table 3. Effect of 15% inclusion of discarded fruits (as-fed basis) on the nutritional composition of sugarcane silage. 

Variable Control ST SB SA SP SEM
Dry matter (DM; %) 26.8a 25.3ab 26.6a 24.9ab 23.8b 0.19

Ash (% DM) 2.4b 5.2a 6.2a 5.4a 5.5a 0.33

Crude protein (% DM) 11.8a 12.5a 12.7a 12.4a 11.5a 0.19

Ether extract (% DM) 0.85a 1.08a 1.57a 1.40a 1.72a 0.13

Neutral detergent fiber (% DM) 65.7a 66.9a 59.4b 65.1a 64.7a 0.65

Acid detergent fiber (% DM) 44.3a 45.8a 38.5b 43.6a 43.3a 0.58

Nonstructural carbohydrates (% DM) 15.1ab 13.4b 20.0a 15.5ab 15.2ab 0.67

Soluble carbohydrates (% DM) 1.18a 1.22a 1.50a 1.25a 1.17a 0.04

Total carbohydrates (% DM) 80.9a 80.3a 79.4a 80.6a 79.9a 0.65

Acid detergent insoluble nitrogen (ADIN) (% DM) 0.29b 0.34b 0.49a 0.47a 0.45a 0.01

ADIN/Total nitrogen (%) 0.14b 0.16b 0.24a 0.24a 0.23a 0.01

Total digestible nutrients (%) 51.3b 50.4b 56.2a 51.6b 52.0b 0.44

Control = sugarcane; ST = sugarcane + tomato; SB = sugarcane + banana; SA = sugarcane + acerola; SP = sugarcane + papaya. SEM = standard error of 
the mean. Means followed by different superscript letters (a, b) within the same row differ statistically (p<0.05) by the Tukey’s test. 

Table 4. Effect of inclusion of 15% discarded fruits (as-fed basis) in sugarcane silage on microbial count and concentration of fermentation products. 

Variable Control ST SB SA SP SEM
Lactic acid bacteria (log cfu/g) 3.04b 3.17ab 3.10b 3.04b 3.26a 0.02

Yeasts and molds (log cfu/g) 2.27c 2.43c 3.74a 2.92b 1.79d 0.09

Ethanol (% dry matter; DM) 10.7a 9.3a 8.2a 9.0a 8.4a 0.31

Lactic acid (% DM) 2.1b 3.4a 2.3b 3.5a 2.5b 0.13

Acetic acid (% DM) 1.5b 2.0b 1.5b 3.4a 1.4b 0.17

Propionic acid (% DM) 0.11a 0.12a 0.14a 0.14a 0.13a 0.01

Butyric acid (% DM) 0.05a 0.05a 0.06a 0.05a 0.05a 0.00

Ammonia nitrogen (% DM) 8.9b 10.8ab 10.5ab 9.9ab 12.1a 0.31

Control = sugarcane; ST = sugarcane + tomato; SB = sugarcane + banana; SA = sugarcane + acerola; SP = sugarcane + papaya. SEM = standard error of 
the mean. Means followed by different letters letters (a, b, c, d) within the same row differ statistically (p<0.05) by the Tukey’s test.
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Discussion

Sugarcane silage without additives is characterized 
by high DM losses (Freitas et al., 2006; Oliveira et 
al., 2015). Thus, several researchers have evaluated 
additives in sugarcane silages (Carvalho et al., 2012; 
Santos et al., 2015). In our study, the use of discarded 
banana and acerola decreased gas and total DM 
losses of sugarcane silage, which could explain the 
higher DM recovery in SB and SA. The DM losses 
in sugarcane silage have been related mainly to the 
degradation of its high soluble carbohydrate content 
by yeasts, which are naturally abundant in sugarcane 
(Carvalho et al., 2014). In addition to its high substrate 
content, the rapid growth of yeasts in sugarcane silage 
has been attributed to its low DM content (Andrade et 
al., 2001; Oliveira et al., 2015). However, it is unlikely 
that the beneficial effect of adding banana and acerola 
on losses and DM recovery in sugarcane silage was 
due to increased DM content, because the sugarcane 
silage in our study had high DM content (32%) at the 
time of ensiling, which could be considered within 
the ideal range for producing good quality silage. In 
addition, the DM content of acerola was much lower 
(11.3%) than that of sugarcane. Thus, other factors 
such as presence of secondary compounds in banana 
and acerola (Ehiowemwenguan et al., 2014; Marques 
et al., 2016) might inhibit or regulate the activity 
of microorganisms responsible for undesirable 
fermentation in sugarcane silage. Similar effect was 
not observed with addition of tomato and papaya, 
since ST and SP did not differ from control for gas 
losses, total DM losses, and DM recovery.

A high content of pectin in banana peel (up to 
21.7% DM) could also cause lower DM losses in SB 
(Emaga et al., 2008). Pectin, as starch and sugars, 
has high fermentation capacity, but its fermentation is 
mainly acetic (85% short chain fatty acids) (Ítavo et 
al., 2000). Acetic acid inhibits yeast and mold growth 
(Muck, 2010), which could help reduce ensiling 
losses. However, pectin content was not estimated in 
our study. Studies using the non-sequential method 
for NDF and ADF analysis could be used to estimate 
pectin content in fruits. Nevertheless, acetic acid 
content was not high in SB, and it had a greater 
number of yeast and mold, indicating that other 
mechanisms could be involved in low DM losses. 
Moreover, the high density of SB could also be 

related to its low total DM losses. On the other hand, 
the low density observed in the control and SP could 
be linked to their high gas and total DM losses. High 
silage density is related to low oxygen content within 
the silo, which contributes to decrease losses from 
undesirable fermentation (Muck, 1988). 

Although SB had the lowest total DM losses, it had 
the highest pH value, indicating that pH per se is not 
indicative of good quality silage, and other parameters 
should be also considered. Nevertheless, the pH 
values obtained in all treatments were lower than the 
maximum limit (4.2) established to characterize good 
quality silage (Woolford, 1984).

The low DM content in SP could be related to its 
high gas and total DM losses, and low DM recovery. 
The high ash content in discarded fruits could explain 
the high ash present in silages with inclusion of fruits 
compared to the control.

Interestingly, although banana had higher NDF 
content than the other fruits, SB had lower NDF 
concentration. This result could be due to the low 
total DM loss in SB, because DM losses in sugarcane 
silage is related to soluble nutrients losses, increasing 
the concentration of insoluble nutrients (Pedroso et 
al., 2005; Oliveira et al., 2015). This effect was not 
observed in SA that also had lower DM loss than 
the control, ST and SP. Although the content of 
NDF was similar between banana and acerola, the 
hemicellulose:NDF ratio was 45% in banana, and 
8% in acerola, confirming that banana fiber is more 
soluble than acerola. 

The SB also had the lowest ADF content. The 
low DM loss in SB would more likely explain this 
result than the low ADF content in banana, as SP had 
higher ADF than SB, although papaya and banana had 
similar ADF. The low ADF could explain the high 
TDN content in SB. 

Therefore, in addition to reducing silage DM 
losses, inclusion of discarded banana in the silage 
may decrease its fiber content, which could increase 
sugarcane silage digestibility, because the high fiber 
content related to large losses of soluble nutrients is 
considered a limiting factor for the use of sugarcane 
silage in ruminant feed (Jacovaci et al., 2017). 
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The large DM losses in sugarcane silage have been 
attributed mainly to the high naturally-occurring yeast 
growth in sugarcane, which generates ethanol from 
fermentation of soluble carbohydrates (Carvalho et 
al., 2012; Carvalho et al., 2014). However, SB had 
high yeast and mold count, and low DM loss. Despite 
this, ethanol content did not differ between treatments. 
This result should be considered with caution, because 
the technique used did not allow for the separate 
quantification of molds and yeasts. In addition, the 
high yeasts content at the time of silo opening is not 
always indicative of low quality silage (Carvalho et 
al., 2015). However, as ethanol content did not differ 
between treatments, significant differences in yeast 
population might not have occurred. 

The lack of difference in ethanol content between 
the control and fruit-added treatments  could be related 
to the inclusion of urea in all treatments, as urea can be 
converted to ammonia during silage fermentation, which 
in turn may inhibit yeasts (Kung Jr. et al., 2000).

The high lactic acid and acetic acid concentration 
in SA could help explain the low loss and high DM 
recovery in SA, because the high content of these 
organic acids may inhibit growth of undesirable 
microorganisms in silage (Danner et al., 2003; 
Dunière et al., 2013). Inoculation of acetic acid-
producing bacteria has been reported to reduce effluent 
production, yeast count and ethanol concentration in 
sugarcane silage (Pedroso et al., 2008).

Although SP had higher LAB count, it had higher 
loss and lower DM recovery, indicating that this 
parameter per se is not a good indicator of silage 
quality, as LAB can reduce acetate concentration, 
which has antifungal effects, as previously discussed. 
In addition, LAB may increase lactate concentration 
in silage, which is a substrate for yeast growth 
(Weinberg et al., 1993). Furthermore, inoculation of 
sugarcane silage with LAB has been associated with 
low DM recovery, which could be related to excessive 
fermentation due to its high soluble carbohydrates 
content (Oliveira et al., 2017). 

Ammonia nitrogen was relatively high in all 
treatments. This may be related to the addition of 
urea prior to ensiling, which can be easily converted 
to ammonia. In addition, it is unlikely that it is linked 

to excessive protein degradation by undesirable 
bacteria (e.g., Clostridium), because butyric acid, 
another important end product of undesirable bacterial 
fermentation, was low in all treatments. Despite this, 
ammonia nitrogen values in all treatments were lower 
than the 12% limit used to classify good quality silage 
(McDonald et al., 1991).

We conclude that 15% inclusion of banana or 
acerola in sugarcane silage reduces losses and 
increases dry matter recovery. In addition, 15% 
banana inclusion decreases fiber content and increases 
nonstructural carbohydrates of sugarcane silage. 
However, 15% inclusion of tomato or papaya does not 
reduce dry matter losses nor improves the nutritional 
quality of sugarcane silage.
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