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Abstract – The objective of this work was to evaluate the effects of the inclusion of banana leaf or pseudostem
hay in complete diets on the intake, nutrient digestibility, and ruminal short-chain fatty acid production by
lambs. A total of 30 Santa Inês x Dorper lambs were allocated to five treatments: 400 g kg-1 Cynodon spp.
hay; 200 g kg-1 banana leaf hay + 200 g kg-1 Cynodon spp. hay; 400 g kg-1 banana leaf hay; and 200 g kg-1
banana pseudostem hay + 200 g kg-1 Cynodon spp. hay and 400 g kg-1 banana pseudostem hay. The inclusion
of banana crop residues had no effect on dry matter intake, organic matter, crude protein, neutral detergent
fiber (NDF), acid detergent fiber, non-fiber carbohydrates, and total carbohydrates, which presented averages
of 1,086.8, 1,000.1, 182.7, 374.3, 194.7, 390.2, and 771.6 g per day, respectively. There was a reduction in NDF
digestibility with the inclusion of 400 g kg-1 leaf hay, but no differences were observed in the other treatments.
The addition of both banana leaf and pseudostem hay can replace Cynodon spp. hay without affecting intake,
nutrient digestibility, and ruminal concentration of short-chain fatty acids.
Index terms: Musa, by-product, hay, nutritional value, volatile fatty acids.

Consumo e digestibilidade em ovinos alimentados com dietas
contendo resíduos da bananicultura
Resumo – O objetivo deste trabalho foi avaliar os efeitos da inclusão de feno de folha ou pseudocaule de
banana em dietas completas sobre a ingestão, a digestibilidade de nutrientes e a produção ruminal de ácidos
graxos de cadeia curta em cordeiros. Foram utilizados 30 cordeiros Santa Inês x Dorper, alocados em cinco
tratamentos: 400 g kg-1 de feno de Cynodon spp.; 200 g kg-1 de feno de folha de bananeira + 200 g kg-1 de
feno de Cynodon spp.; 400 g kg-1 de feno de folha de bananeira; e 200 g kg-1 de feno de pseudocaule de
banana + 200 g kg-1 de feno de Cynodon spp. e 400 g kg-1 de feno de pseudocaule de banana. A inclusão de
resíduos culturais de banana não teve efeito sobre consumo de matéria seca, matéria orgânica, proteína bruta,
fibra em detergente neutro (FDN), fibra em detergente ácido, carboidratos não fibrosos e carboidratos totais,
cujas médias foram de 1.086,8, 1.000,1, 182,7, 374,3, 194,7, 390,2 e 771,6 g por dia, respectivamente. Houve
redução na digestibilidade da FDN com a inclusão de 400 g kg-1 de feno de folhas, mas não foram observadas
diferenças nos outros tratamentos. A adição de feno de folha e de pseudocaule de banana pode substituir o
feno de Cynodon spp. sem alterar a ingestão, a digestibilidade de nutrientes e a concentração ruminal de
ácidos graxos de cadeia curta.
Termos para indexação: Musa, coproduto, feno, valor nutricional, ácidos graxos voláteis.

Introduction
Finishing lambs in confinement is a viable alternative
to obtain higher-quality carcasses (Raineri et al., 2014).
However, the production costs of confined animals are
considered high due to factors as the great volume
of grains and cereals used in the concentrate diets,
especially in semiarid regions (Barros et al., 2015).
Most of the time, the low amount of forage during the

dry period and the need to invest in irrigated systems
for forage cultivation and/or to import supplies make
the adoption of this system unfeasible in these areas
(Barreto et al., 2014).
In this context, agroindustry residues are a feed
option to be considered. The inclusion of these
materials in the diets of ruminants allows mutual
benefits to both agro-industries and livestock (Braga
Sobrinho, 2014). One of the main residues with
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potential for use in ruminant nutrition are those from
the banana (Musa spp.) crop (Geraseev et al., 2013;
Oliveira et al., 2014). However, although the leaves
and pseudostem of banana trees are highly digestible
by ruminants, their intake is limited when provided in
nature or ensiled as an exclusive source of food. This
is due to the low dry matter content of both leaves
and pseudostem, the reduced concentration of crude
protein in the pseudostem (Oliveira et al., 2014), and the
presence of secondary metabolites such as condensed
tannins, particularly in the leaves (Hembade & Niras,
2014). The use of these materials as hay, however, in
combination with other feedstuff, may minimize these
limitations.
Few studies have been carried out using banana leaves
and pseudostem as hay in ruminant feeding; therefore,
information regarding the intake, digestibility, and
effects of this inclusion on ruminal fermentation is
scarce. Geraseev et al. (2013) studied the addition of
200 or 400 g kg-1 leaf or pseudostem hay in the diet
of confined lambs and obtained satisfactory results for
dry matter intake and weight gain, but did not assess
the effect of the diet on fermentation products.
The objective of this work was to evaluate the
inclusion of banana leaf or pseudostem hay in complete
diets on the intake, nutrient digestibility, and ruminal
production of short-chain fatty acids by lambs.

Materials and Methods
The procedures used in this research were approved
by the ethics committee in animal experimentation of
Universidade Federal de Minas Gerais under protocol
number 164/11.
The study consisted of 30 Santa Inês x Dorper
cross-breed lambs, male and castrated, aged between
four and seven months. The experimental design
was randomized complete blocks, consisting of three
blocks, five treatments, and six replicates. The blocks
were defined according to the initial body weight of
the animals: mean live weight of 42.39±4.8 kg for the
first block, of 37.92±4.25 kg for the second, and of
24.33±3.4 kg for the third. The experiment was carried
out between June and August 2013, during 60 days,
divided into three 20-day periods (with 15 days for
adaptation and 5 days for data collection).
The experimental diets were formulated according
to the recommendations of Nutrient… (2007) in order
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to meet the requirements of lambs with a mean weight
of 35 kg and estimated gain of 200 g per day, using a
ratio of 0.60 concentrate and 0.40 forage (Table 1).
The following treatments were evaluated: 400
g kg-1 Cynodon spp. hay; 200 g kg-1 banana leaf hay
+ 200 g kg-1 Cynodon spp. hay; 400 g kg-1 banana leaf
hay; 200 g kg-1 banana pseudostem hay + 200 g kg-1
Cynodon spp. hay; and 400 g kg-1 banana pseudostem
hay (Table 2).
The leaves and pseudostem from the banana trees
were collected immediately after fruit harvesting. The
pseudostem was cut into 50-cm blocks, followed by
the removal of the sheath in order to facilitate material
processing in a disintegrator regulated to cut into 2
to 3-cm blocks. After being chopped, the leaves and
pseudostem were separately homogenized and dried
under the sun until reaching 10–12% humidity, which
was achieved after 72–120 hours. The material was
later conditioned in polyethylene bags and stored.
Animals were placed in individual cages equipped
with water and food dispensers and a feces collector.
Diets were provided twice a day, at 7:00 a.m. and 4:00
p.m. in an ad libitum system, with 100 g kg-1 of the
amount offered in natural matter as leftovers. Intake
was adjusted every morning, before the first meal,
using the weights of food and leftovers. During the
five days for data collection, samples from the diet,
leftovers, and feces (total collection method) were
collected daily; for feces, this was done in the morning
and afternoon prior to animal feeding. All samples were
stored at -20ºC. At the completion of the experiment,
samples per animal and per period of 24 hours – five
samples per animal for each collecting period – were
analyzed separately.
Samples from the offered food, leftovers, and feces
were pre-dried in an air-forced oven at 55ºC and
grinded in a Willey grinder with 1-mm diameter sieves.
All samples were subjected to the analyses of dry
matter (DM), crude protein (CP), ether extract (EE),
neutral detergent fiber (NDF), acid detergent fiber
(ADF), neutral detergent insoluble nitrogen (NDIN),
acid detergent insoluble nitrogen (ADIN), and ash
content according to Instituto Nacional de Ciência e
Tecnologia de Ciência Animal (Detmann et al., 2012).
Lignin content was obtained by acid hydrolysis as
previously described by Van Soest (1965).
In vitro dry matter digestibility (IVDMD) of banana
leaf and pseudostem and of Cynodon spp. hay was
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carried out according to the methodology of Tilley &
Terry (1963) and Holden (1999), modified for use of
the TE-150 in vitro incubator (Tecnal Equipamentos
Científicos, Piracicaba, SP, Brazil). The ruminal liquid
was collected from two male castrated lambs using a
fixed fistula in the rumen. Fistulated animals were fed
a diet containing 300 g kg-1 commercial concentrate
and 700 g kg-1 forage based on Cynodon spp. hay.
The content of condensed tannins was determined in
15-g samples of banana leaf, banana pseudostem, and
Cynodon spp. hay by undergoing catalyzed solvolysis
using n-BuOH/HCl 37% (95:5), according to Hiermann
et al. (1986). The absorbance of the solution was read
at 540 nm, with values expressed as cyanidin chloride.
The results are the means of three determinations.
On the final experimental day, using an oral gavage
adapted to a vacuum pump, 100 mL rumen liquid
were collected after animals were fasted for 12 hours
(Tabeleão et al., 2008). The pH of the rumen fluid

was measured immediately after collection using a
digital potentiometer; an average value of 7.0±0.15 was
obtained.
Then, 60 mL rumen liquid were placed in plastic
flasks and stored at -10ºC for the analysis of shortchain fatty acids (SCFA). Samples of rumen liquid were
thawed to room temperature, centrifuged at 13,000 rpm
for 15 min at 10ºC, and stored in Eppendorf tubes. In
order to determine the concentration of SCFA, samples
were stored at a ratio of 500 µL rumen liquid and 500
µL formic acid at 88% (Nocek et al., 1987).
The separation and quantification of SCFA were
performed by the methodology adapted from Nocek
et al. (1987), using the GC-2014 gas chromatograph
(Shimadzu do Brasil, Barueri, SP, Brazil) coupled to
a flame ionization detector and HP INNOWax column
(30 m length x 0.32 mm internal diameter) (Agilent,
Santa Clara, CA, USA). The following settings were
adopted for the instrument: injector temperature of

Table 1. Nutritional composition of the experimental diets(1).
Ingredient
(g kg-1)
Cynodon spp.
Banana leaf hay
Pseudostem hay
Corn grain
Soybean meal
Cotton meal
Limestone
Dicalcium phosphate
Common salt
Urea
Vitamin-mineral premix(2)
Nutrients (g kg-1 DM)
DM (g kg-1 NM)
MM
CP
NFC
NDF
ADF
EE
NDIN
ADIN
Lignin

400 g kg-1
Cynodon spp. hay
400.0
452.0
51.6
80.0
5.1
2.8
5.0
3.5

400 g kg-1
banana leaf hay
400.0
400.0
44.1
80.0
0.3
8.3
2.8
5.0
3.5

200 g kg-1
banana leaf hay
200.0
200.0
461.4
40.5
80.0
2.8
4.0
2.8
5.0
3.5

400 g kg-1
banana pseudostem hay
400.0
382.7
118.3
80.0
0.4
7.3
2.8
5.0
3.5

200 g kg-1
banana pseudostem hay
200.0
200.0
417.5
84.9
80.0
2.9
3.4
2.8
5.0
3.5

884.9
69.1
160.0
341.9
381.8
180.6
47.2
21.0
7.1
18.8

904.9
81.9
160.0
367.7
339.5
191.7
52.1
13.0
6.8
34.9

895.1
69.9
160.0
357.5
360.5
183.1
50.9
17.1
5.8
30

893.9
84.1
160.0
410.9
304.0
167.9
33.0
11.4
6.6
18.4

887.4
76.5
160.0
377.9
345.2
172.8
40.4
13.6
7.8
20.8

DM, dry matter; NM, natural matter, MM, mineral matter; CP, crude protein; NFC, non-fibrous carbohydrate; NDF, neutral detergent fiber; ADF,
acid detergent fiber; EE, ether extract, NDIN, neutral detergent insoluble nitrogen; and ADIN, acid detergent insoluble nitrogen. (2)Composition: 150 g
calcium (max.), 130 g calcium (min.), 65 g phosphorus (min.), 130 g sodium (min.), 650 mg fluorine (max.), 12 g sulfur (min.), 10 g magnesium (min.),
1,000 mg iron (min.), 3,000 mg manganese (min.), 80 mg cobalt (min.), 5,000 mg zinc (min.), 60 mg iodine (min.), 10 mg selenium (min), 50,000 IU
vitamin A (min.), and 312 IU vitamin E (min.).

(1)
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200ºC, column oven temperature of 80ºC for 3 min
until 240ºC (20ºC per minute), carrier gas nitrogen at
a constant flow of 3.18 mL min-1, detector temperature
of 250°C, and injection volume of 1 µL.
DM intake was determined by the difference
between the offered DM and the DM in the leftovers.
Nutrient ingestion was calculated by relating DM
with the content of each nutrient in the diet and
in the leftovers. Nutrient digestibility (ND) was
obtained by the total fecal collection method during
the experimental period, using the following formula:
ND = [(ingested DM x nutrient concentration) (excreted DM x nutrient concentration)]/ (ingested DM
x nutrient concentration).
Data were subjected to the analysis of variance using
PROC GLM of the SAS software (SAS Institute Inc.,
Cary, NC, USA). When statistically different, means
were compared by Tukey’s test, at 5% probability. The
following model was used: Yijk = µ + pi + Aj + tk + εijk,
where Yijk is the value observed in the portion that
received the treatment in replicate block i, j, k; µ is the
overall average; pi is the effect of blocks (1, 2, 3); Aj is
the effect of replicates; tk is the effect of treatments (1,
2, 3, 4, 5); and εijk is the residual random error.

Table 2. Nutritional composition and in vitro dry matter
digestibility of banana (Musa spp.) pseudostem, banana
leaf, and Cynodon spp. hay(1).
Pseudostem hay

Leaf hay

Cynodon spp. hay

DM (g kg-1 NM)

905.4

930.7

887.4

MM (g kg-1 DM)

118.6

111.8

91.5

CP (g kg DM)

34.6

122.4

99.8

EE (g kg-1 DM)

12.1

62.1

36.4

NDF (g kg-1 DM)

499.2

599.2

663.4

ADF (g kg-1 DM)

351.8

Variable

-1

301.1

371.1

ADIN (g kg-1 DM)

3.8

4.9

3.3

NDIN (g kg-1 DM)

13.8

12.8

15.9

NFC (g kg-1 DM)

335.5

104.5

108.9

47.3

88.1

41.3

0.1

7.8

3.9

0.798

0.578

0.714

Lignin (g kg-1 DM)
TAN (g kg-1 DM)
IVDMD

DM, dry matter; NM, natural matter; MM, mineral matter; CP, crude
protein; EE, ether extract; NDF, neutral detergent fiber; ADF, acid
detergent fiber; ADIN, acid detergent insoluble nitrogen; NDIN, neutral
detergent insoluble nitrogen; NFC, non-fibrous carbohydrate; TAN,
condensed tannins; and IVDMD, in vitro dry matter digestibility.

(1)
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Results and Discussion
The NDF content varied among diets with the
inclusion of banana crop residues (Table 1), but did not
affect DM and organic matter (OM) intake (Table 3).
This was probably due to the low variation in the NDF
contents in the diets.
Santos et al. (2011) evaluated the DM intake of lambs
fed diets containing 15% protein, 62% concentrate
with different sisal residues, and NDF levels ranging
from 31.4 to 37.5%, and did not find differences in
DM and OM intake. In the same way, Azevedo et al.
(2012), when including different levels of macauba
[Acrocomia aculeata (Jacq.) Lodd. ex Mart.] pie in
lamb diets, observed that NDF concentrations from
167 to 272 g kg-1 did not affect DM and OM intake,
which was attributed to the physical processing of
the by-product. According to these authors, macauba
grinding results in particles with similar size to that
of the standard concentrated feed, i.e., corn (Zea mays
L.) and soybean [Glycine max (L.) Merr.] meal, which
probably reduced the physical effectiveness of the
fibrous fraction.
In the present study, the observed contents for
condensed tannins were 7.8, 3.9, and 0.1 g kg-1 for
banana leaf, Cynodon spp., and banana pseudostem
hay, respectively. These values were lower than those
reported by Hembade & Niras (2014), who found 25.8
g kg-1 for banana leaves and 16.6 g kg-1 for banana
pseudostem; this difference may be related to the
banana species used. Due to their low concentration in
the total diet, these compounds did not alter DM and
OM intake.
In ruminant diets, besides fibrous fraction and
energy content, the presence of phenolic compounds,
such as condensed tannins, can negatively affect
voluntary intake, by limiting the growth of a number
of ruminal microorganisms (Kamra, 2005). Cabral
Filho et al. (2013) did not find differences in DM
intake when studying three sorghum [Sorghum bicolor
(L.) Moench] varieties in diets containing 800 g kg-1
concentrate and levels up to 20.4 g kg-1 condensed
tannins in the DM offered to lambs.
The inclusion of 200 g kg-1 banana leaf hay increased
EE intake in grams of metabolic body weight (BW0.75)
per day in relation to the other treatments (Table 3).
These results may be explained by the increase in the
concentration of this nutrient when banana leaf hay
was added to the diet (Table 1). It should be noted
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that the obtained EE content is probably resultant
from pigments and not related to the lipid content.
According to Van Soest (1994), errors may occur
when determining the content of this nutrient, as
pigments and waxes present in the leaves end up
included in total EE, which could be the case in the
present study. A higher EE intake was expected with
400 g kg-1 banana leaf; however, this behavior was
not observed. There was a lower EE intake in the
diet with 400 g kg-1 banana leaf than in the one with
200 g kg-1 banana leaf, possibly due to diet selection
by animals, since the two treatments had similar EE
content (Table 1).
The inclusion of banana crop residues did not affect
the apparent digestibility of DM and OM in comparison
with the treatment with 400 g kg-1 Cynodon spp. hay.
However, the addition of 400 g kg-1 banana pseudostem
hay promoted higher digestibility coefficients than
400 g kg-1 banana leaf hay (Table 4).
A lower DM and OM digestibility was found for
the higher level of banana leaf hay, compared with the
same proportion of pseudostem hay, probably due to
the higher concentration of lignin (88.1 g kg-1) in leaf
hay, as DM and OM intake did not differ among the
treatments. This result suggests that the addition of
banana leaf hay as the only source of forage should be

evaluated regarding the cost-benefit relationship and
inclusion level in lamb production systems.
The digestibility coefficients of DM and OM found
for the highest level of inclusion of banana leaf and
pseudostem hay, respectively, are higher than the
values of 0.657 and 0.7017 obtained by Rogério et al.
(2007) when substituting elephant grass (Pennisetum
purpureum Schumach.) in natura with 27 g kg-1
sundried pineapple (Ananas comosus L.) residues in
diets fed to lambs. However, these authors reported a
lignin content of 138.5 g kg-1, which is much higher
than the highest concentration (34.9 g kg-1) in the
present study.
The nutritive value of food is determined not only
by the concentration of nutrients it has, but also by the
amount ingested and digested. The digestibility of DM
and OM of the diet with 400 g kg-1 banana pseudostem
hay was greater than that of the treatment with banana
leaf hay. This can positively interfere with animal
performance, as found by Geraseev et al. (2013), who
observed that the daily weight gain of growing lambs
increased when 200 or 400 g kg-1 banana pseudostem
hay, compared with banana leaf hay, were added to
the diets.
The evaluated diets did not affect the digestibility
coefficient of CP, which showed a mean value of 0.686

Table 3. Intake of dry matter (DM), organic matter (OM), crude protein (CP), neutral detergent fiber (NDF), acid detergent
fiber (ADF), non-fibrous carbohydrate (NFC), total carbohydrate (CHO), and ether extract (EE) by lambs fed diets containing
banana (Musa spp.) crop residues(1).
Variable
DM (g per day)
DM (g BW0.75 per day)
OM (g per day)
OM (g BW0.75 per day)
CP (g per day)
CP (g BW0.75 per day)
NDF (g per day)
NDF (g BW0.75 per day)
ADF (g per day)
ADF (g BW0.75 per day)
NFC (g per day)
NFC (g BW0.75 per day)
CHO (g per day)
CHO (g BW0.75 per day)
EE (g per day)
EE (g BW0.75 per day)
(1)

400 g kg-1 Cynodon
spp. hay

400 g kg-1 banana
leaf hay

200 g kg-1 banana
leaf hay

400 g kg-1 banana
pseudostem hay

948.9
66.3
887.1
82.8
158.0
10.9
367.6
25.2
175.0
12.0
322.1
22.5
725.3
49.6
48.0ab
3.33b

992.7
68.3
927.3
63.9
162.7
11.1
319.93
21.7
180.6
12.3
371.1
25.9
691.0
47.6
50.1ab
3.4b

1,229.8
89.5
1,138.0
82.8
203.0
14.6
431.0
31.2
218.0
15.8
433.8
31.8
864.8
63.0
66.2a
4.7a

1,083.4
78.0
943.5
67.9
188.6
13.4
328.5
23.4
188.7
13.3
426.2
30.9
754.7
54.4
40.0b
2.8b

200 g kg-1 banana
pseudostem hay
1,179.3
81.5
1,104.8
76.4
201.5
13.8
424.5
29.3
211.6
14.6
397.9
27.4
822.4
56.8
52.0ab
3.59b

Coefficient of
variation (%)
21.6
18.7
22.0
18.4
22.1
19.3
24.4
21.9
23.5
21.1
22.5
19.4
21.0
18.5
22.2
18.8

Means followed by equal letters do not differ by Tukey’s test, at 5% probability. BW0.75, metabolic body weight.
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(Table 4), i.e., there was no effect of the treatment on
the intake of this nutrient (Table 3). This behavior can
be attributed to the fixed level of this nutrient (160
g kg-1) and to the ADIN content in the diet.
The digestibility of forage is mainly related to the
composition of the cellular wall and to the access
of ruminal microorganisms to the plant tissues.
Therefore, the presence of lignin in this fraction may
interfere with the use of fibrous carbohydrates (Moore
& Jung, 2001). In the present study, the inclusion of
400 g kg-1 banana leaf hay reduced NDF digestibility
in relation to the treatments containing Cynodon
spp. hay or banana pseudostem hay (Table 4). These
results may be explained by the higher percentage of
ADF and higher content of lignin (Table 1) in that
treatment. This information is based on the lower
IVDMD (578 g kg-1) and on the lignin content of
this forage (Table 2). Furthermore, the IVDMDs of
Cynodon spp. and pseudostem hay were similar to
and higher than, respectively, that obtained for leaf
hay. Therefore, the fine components of these diets
seem unavailable to the ruminal flora due to the
barrier of lignin polymers.
The inclusion of 400 g kg-1 banana pseudostem hay
resulted in an increase in ADF digestibility in relation
to the treatment with 400 g kg-1 banana leaf hay.
The levels of inclusion and the type of residue used,
however, did not affect the digestibility of this fraction
when compared with Cynodon spp. hay (Table 4).
ADF showed a similar behavior to that of lignin
content, probably because it is composed by cellulose
and lignin; however, the higher the lignin content, the
lower ADF digestibility.

Similar results were obtained by Rogério et al.
(2007) when evaluating the digestibility of fibrous
components by lambs (weighing 32 kg) fed diets
containing up to 270 g kg-1 of dried pineapple residues
in substitution of elephant grass in natura. When
the by-product was included, there was lower ADF
digestibility and a discrete increase in lignin content
(130 to 139 g kg-1).
Despite the higher non-fibrous carbohydrate
concentration in the diets containing banana
pseudostem hay (Table 1), there was no effect on the
intake of this nutrient, which can justify the similarity
observed for the digestibility of this fraction. There
was also no effect of the diet on the concentration of
SCFA (Table 5). However, the inclusion of banana
leaf hay increased the acetate:propionate proportion,
when compared with the addition of 400 g kg-1 banana
pseudostem hay.
According to Valadares Filho & Pina (2011), the
acetate:propionate:butyrate molar ratio can range
from 75:15:10 to 40:40:20 for diets with higher fibrous
carbohydrate concentration and lower proportion of
non-fibrous carbohydrates, respectively. In the present
study, the obtained values remained within this range,
indicating that the prevailing inclusion of banana crop
residues does not alter significantly the population of
bacteria in the rumen.
Most of the energy required by ruminants can
be supplied by SCFA and is directly related to the
conditions of fermentation and to the control of the
ruminal environment; diets with greater digestibility
normally result in higher SCFA concentration in the
rumen (Gilaverte et al., 2011). In the present study,

Table 4. Coefficients of digestibility of dry matter (DM), organic matter (OM), crude protein (CP), neutral detergent fiber
(NDF), acid detergent fiber (ADF), non-fibrous carbohydrate (NFC), and total carbohydrate (CHO) for lambs fed diets
containing banana (Musa spp.) crop residues(1).
Variable
DM
OM
CP
NDF
ADF
NFC
CHO
(1)

400 g kg-1 Cynodon
spp. hay

400 g kg-1 banana
leaf hay

200 g kg-1 banana
leaf hay

400 g kg-1 banana
pseudostem hay

200 g kg-1 banana
pseudostem hay

0.711ab
0.721ab
0.699
0.606a
0.482ab
0.882
0.730ab

0.679b
0.689b
0.706
0.459b
0.373b
0.904
0.700b

0.717ab
0.728ab
0.672
0.526ab
0.433ab
0.890
0.730ab

0.762a
0.778a
0.677
0.599a
0.533a
0.939
0.784a

0.741ab
0.757ab
0.675
0.587a
0.502ab
0.913
0.748ab

Means followed by equal letters do not differ by Tukey’s test, at 5% probability.
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Coefficient of
variation (%)
5.5
5.4
8.4
10.4
17.0
5.5
6.1
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Table 5. Mean concentration of pH values of short-chain fatty acids (SCFA) and the acetate:propionate (A:P) ratio of the
ruminal liquid of lambs fed diets containing banana (Musa spp.) crop residues(1).
Variable

400 g kg-1
Cynodon spp. hay
6.94

400 g kg-1
banana leaf hay
7.24

200 g kg-1
400 g kg-1 banana
banana leaf hay
pseudostem hay
pH
7.27
6.90
SCFA concentration (mM L-1)
Acetate
34.12
29.01
36.08
31.45
Propionate
10.9
8.2
10.1
11.6
Butyrate
5.7
3.8
5.6
5.8
Isobutyrate
0.8
0.8
0.9
0.6
Isovalerate
1.4
1.4
1.6
1.0
Valerate
0.5
0.4
0.5
0.4
A:P
3.2ab
3.5a
3.5a
2.8b
Total SCFA
53.4
43.6
54.7
50.8
Molar proportion of SCFA
Acetate
0.638
0.665
0.658
0.618
Propionate
0.204ab
0.188b
0.184b
0.228a
Butyrate
0.106ab
0.087b
0.102ab
0.114.a
(1)
Means followed by equal letters do not differ by Tukey’s test, at 5% probability.

the highest digestibility coefficient of nutrients
observed for the inclusion of 400 g kg-1 pseudostem
hay, compared with that of 400 g kg-1 leaf hay, did not
affect the total production of SCFA, which was similar
in all tested diets.
The inclusion of banana crop residues did not affect
the molar proportion of acetate in the diets, which
showed a mean of 0.643. This may have occurred due
to the active degradation of the microbial population,
considering that ruminal pH was maintained close
to neutral in all treatments (Table 5). However, it is
important to highlight that the average pH was 7.0±0.15,
which may have been affected by the collection time
(12 hours post-fasting) of the ruminal liquid in the
present study.
The addition of 400 g kg-1 banana pseudostem hay
increased the proportion of propionate and butyrate
in the ruminal fluid in comparison with the diet
containing 400 g kg-1 leaf hay. The higher non-fibrous
carbohydrate concentration in the diet with banana
pseudostem hay than with leaf hay (Table 1) – due to the
high ruminal degradation rate and better fermentative
quality (Oliveira et al., 2014) – favors the production of
propionate, which explains these results.
The lower molar proportion of propionate found in
the treatment containing banana leaf hay, compared
with banana pseudostem hay, may partially explain
the acetate:propionate relationship observed for these

200 g kg-1 banana
pseudostem hay
7.01

Coefficient of
variation (%)
10.1

40.4
13.0
6.6
1.1
1.7
0.7
3.1ab
63.5

28.9
30.6
30.3
25.5
27.2
33.3
9.0
26.7

0.636
0.204ab
0.103ab

3.4
9.7
10.9

treatments, considering that no difference was found
for acetate production among the evaluated diets.
These results are in alignment with those of previous
studies (Amarnath & Balakrishnan, 2007), which
showed higher propionate concentrations and lower
acetate:propionate proportions in diets containing up
to 400 g kg-1 concentrate and up to 600 g kg-1 banana
pseudostem, in comparison with similar amounts
of banana leaf. The production of propionic acid is
more energetically efficient and, theoretically, reduces
energy loss as methane, normally associated with
acetate production (Rivera et al., 2010). Therefore,
it is possible to hypothesize that when reducing the
molar proportion of acetate:propionate, the inclusion
of banana pseudostem hay will enable an increase
in the glycogenic potential of the diets, enhance the
efficiency of the energy metabolism, and decrease the
energy lost as methane.

Conclusions
1. Both banana (Musa spp.) pseudostem and leaf hay
can replace Cynodon spp. hay in lamb diets without
changing intake, nutrient digestibility, and ruminal
concentration of short-chain fatty acids.
2. The addition of banana pseudostem hay as the
only source of forage in lamb diets results in greater
dry matter and fiber fraction digestibility than banana
leaf hay.
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