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SUMMARY

Male wether Sabi sheep (50 + 2 kg body weight) were
used in a nitrogen (N) balance trial to evaluate the
feeding value of browse tree legume-maize mixed
silages. Treatment diets as follows: a) 2 kg of Acacia
boliviana-maize (ABM) mixed silage b) 2 kg of
Leucaena leucocephala-maize (LLM) mixed silage
and c) 1.5 kg sheep dairy concentrate (SDC). The
chemical composition, before and after ensiling, and
fermentation characteristics of maize silage, ABM and
LLM mixed silages was also determined. The CP (CP)
content of ABM was higher (P<0.05) than LLM and
maize silage before and after ensiling. Ensiling
decreased CP and neutral detergent fibre (NDF) of the
three silages, while the modified acid detergent fibre
(MADF) increased. The MADF of the mixed silages
was similar but higher (P<0.05) than the maize silage.
Maize silage had the highest lactic acid and the lowest
acetic acid concentration. Silages had similar
isobutyric, n-butyric, isovaleric acid and n-valeric acid
concentrations. Maize silage had a lower pH. The
ammonia-nitrogen content was highest in ABM and
lowest in maize silage. The dry (DM) and organic
matter (OM) intakes were similar in SDC and LLM
and lower (P<0.05) in the ABM diet. Apparent
digestibility of DM and OM was similar in all silages,
while NDF, acid detergent fibre (ADF) and N
digestibility was lower (P<0.05) in ABM. N intake, N
balance and microbial protein yield were similar for
SDC and LLM and lower (P<0.05) in ABM. Ensiling
maize with tree forage legumes maintains good silage
quality. ABM silage at 50:50 (w/w) between A.
boliviana and maize was not suitable for ruminant
feeding.
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RESUMEN

Machos ovinos Sabi (50 + 2 kg peso vivo) fueron
empleados en una prueba de balance de nitrégeno (N)
para evaluar el valor nutricio de ensilajes de arbol
forrajero-maiz. Los tratamientos fueron: a) 2 kg
ensilaje Acacia boliviana-maiz (ABM), b) 2 kg
ensilaje Leucaena leucocephala-maiz (LLM) vy, ¢) 1.5
kg concentrado comercial para ovino (SDC). La
composicién quimica antes y despues del ensilaje, asi
como las caracteristicas de fermentacion del ensilaje
de maiz, ABM y LLM fueron evaluadas. El contenido
de proteina cruda (PC) de ABM fue mayor (P<0.05)
antes y después del ensilaje. El ensilaje reduj6 la PC y
fibra detergente neutro (NDF) e increment6 la fibra
acido detergente (MADF). MADF en los ensilajes
mixtos fue similar pero mayor (P<0.05) que en el
ensilaje de maiz. El ensilaje de maiz tuvo el mayor
contenido de acido lactico y menor acido acético. Los
acidos isobutirico, butirico, isovalérico y valérico
fueron similares en los tres ensilajes. El ensilaje de
maiz tuvo el menor pH. El contenido de N-amoniacal
fue mayor en ABM. Los consumos de material seca
(MS) y materia organica (MO) fueron similares en
SDC y LLM y menores (P<0.05) en ABM. La
digestibilidad aparente de MS y MO fue similar,
mientras que la digestibilidad de NDF, ADF y N fue
menor (P<0.05) en ABM. El consumo y balance de N,
asi como la produccion de proteina microbial fueron
similares para SDC y LLM y menores (P<0.05) en
ABM. Se concluye que el ensilaje de maiz con
leguminosas forrajeras resulta de buena calidad. El
ensilaje ABM 50:50 de A. boliviana y maiz no resulta
adecuado.
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INTRODUCTION

In the tropics, particularly the semi-arid tropical
regions, where the major constraint to livestock
production is the shortage of fodder during the dry
season, conservation through ensilage of forage
produced during the rainy season is likely to be the
practice adopted by most small holder livestock
owners, particularly those in dairy or beef production.
However, tropical grasses and legumes are not natural
ensilage material, largely because at cutting, they have
a low content of water soluble carbohydrates, which
are essential to successful ensilage (McDonald et al.,
1991; Havilah and Kaiser, 1992; de Figueredo and
Marais, 1994). This results in them having a higher
buffering capacity and the protein being susceptible to
proteolysis (Woolford, 1984; McDonald et al., 1991).
Thus, limited attempts have been reported on grass-
forage tree mixture silage (Cérdenas et al., 2003).
However, the levels of fermentable carbohydrates can
be improved through various treatments including
mixing legumes with cereal crops.

In the high rainfall subtropical areas of Zimbabwe and
South Africa maize is the preferred cereal crop for
silage, producing high yields (14.7 tonnes dry matter
(DM) per hectare) and high energy (10.2 MJ/kg DM)
(Titterton, 1997). Maize can also be easily ensiled.
However, its major shortcoming is its low CP (CP)
content, which ranges from 70 g/kg DM to 80 g/kg
DM (McDonald et al., 1987; Church, 1991; Topps and
Oliver, 1993). The protein content of the maize silage
can be increased by adding a protein rich legume. The
CP content increased from 77 g/kg DM in pure maize
silage to a range of 93 g/kg DM to 153 g/kg DM with
a legume incorporated (Titterton and Maasdorp, 1997).
Maasdorp and Titterton (1999) successfully ensiled, on
a fresh mass ratio of 50:50 (w/w), the leaf material of
four forage tree legumes with maize with improvement
of CP content to 140 g/kg DM, 155 g/kg DM, 172 g/kg
DM and 187 g/kg DM in maize/Calliandra
calothyrsus, maize/Gliricidia sepium, maize/Leucaena
leucocephala and maize/Acacia boliviana silages
respectively. Titterton and Maasdorp (1997) found that
the fermentation quality was acceptable (pH of the
range 3.7 to 4.5; ammonia (NHs): nitrogen (N) ratio of
less than 1: 2) when sole crops of maize and legumes
were mixed at harvesting 50:50 by volume for
ensilage.

This study further evaluated two tree forage legumes
L. leucocephala and A. boliviana which had the higher
CP content when ensiled with maize in the study
carried out by Maasdorp and Titterton (1999). The
fermentation characteristics of the maize-legume
silages were examined and the mixed silages were also
fed to sheep in a nitrogen balance trial.
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MATERIALS AND METHODS

Forage production and silage preparation and
sampling

Long season white maize (SC 709) was grown on 0.3
hectares at the University of Zimbabwe Farm
Teaching and Research Unit, at a density of 60 000
plants per hectare. Compound D (8 %N; 6 %P; 6 %K;
6.5 %S) was applied as a basal fertilizer dressing at the
rate of 350 kg per hectare, while ammonium nitrate
was applied as top dressing fertilizer at the rate of 250
kg per hectare. Hand weeding was done twice during
the growing period. L. leucocephala cv. Cunningham
and A. boliviana (CPI 40175), were also harvested
from the same farm, after a whole season’s growth.
The L. leucocephala and A. boliviana forage contained
a significant fraction of flowers and brown pods at the
time they were harvested and ensiled. The browse
legume trees were established on red clay loam soils.

Maize and browse legumes (L. leucocephala and A.
boliviana) were harvested in the morning. Whole
maize plant was harvested at the medium dough stage
with a forage chopper, while browse were harvested
by hand cutting the branches followed by stripping off
all leaves, flowers and pods under the shade. To
achieve a 50:50 (w/w) ratio of maize and browse, 500
g of each browse legume and 500 g of chopped maize
were put into thin polythene bags (38 x 86 cm) after
mixing thoroughly. Chopped maize (1 kg) was also
ensiled on its own into similar bags. After filling the
bags, they were compressed by hand pressing. The
open end of each bag was rolled up to seal the bag and
tied with a string to prevent air from entering into the
bag (silo). About 550 bags each of maize and browse
legume-maize mixture were stored in a room on a
concrete floor. For each fresh forage type and silage
type 20 bags were sampled (400 g each) in duplicate,
soon after packing and 60 days after ensiling
respectively. These 40 samples were mixed and sub-
sampled (2 sub-samples each) and stored at 4 °C. The
samples were used to determine chemical composition
of the silage types before and after ensiling as well as
the fermentation characteristics.

Nitrogen balance trial

Three male wether Sabi sheep of mean body weight 50
+ 2 kg were used in a nitrogen balance trial. Each
animal was placed in a metabolism crate that allowed
separate total faecal and urine collection. The
experiment was conducted in a 3 x 3 Latin square
cross over design of 12 days per period. Each
experimental period consisted of a seven-day dietary
adjustment phase followed by a five-day collection
phase.
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Three treatment diets were fed as follows: a) 2 kg of A.
boliviana-maize (ABM) mixed silage b) 2 kg of L.
leucocephala-maize (LLM) mixed silage and c) 1.5 kg
sheep dairy concentrate (SDC). The sheep dairy
concentrate contained 166g per kg CP, and 13 MJ
ME/kg DM. A basal diet of 2 kg maize silage was
offered to each animal at 08:00 hours followed by one
of the treatment diets at 14:00 hours. The CP contents
of ABM, LLM and maize silage fed were148, 132 and
69 g/kg DM with the corresponding energy contents of
10, 9 and 10 MJ ME/kg DM respectively. Fresh water
was available at all times from nipple drinkers.
Measurements and collections

During the collection period the amount of faeces
excreted daily was recorded and a 100g sample stored.
Total urine produced daily was collected in plastic
buckets with 25 ml of 10 % (v/v) sulphuric acid as a
preservative. A 10% aliquot was removed each day
and stored at 4°C. A second sample of urine, 10 % of
the daily output, was collected daily from each animal
and diluted five times with distilled water and stored
frozen for use in the analysis of total purine
derivatives. Daily samples of individual animal’s feed
refusals, faeces and urine were pooled over the five
day collection period, thoroughly mixed and sub-
samples taken.

Chemical analysis

Samples were dried at 60 °C for 48 hours to determine
DM while ash content was determined by igniting the
samples in a muffle furnace at 600 °C for 4 hours. CP
and ammonia-nitrogen were determined using the
Kjeldahl method according to standard procedures
(AOAC, 1990). Neutral detergent fibre (NDF) and
acid detergent fibre (ADF) were determined according
to Goering and Van Soest (1970), while the modified
acid detergent fibre (MADF) was determined using
methods in MAFF (1986). Metabolisable energy (ME)
was determined by the method of Linn and Martin
(1991). The pH of the silages was determined using an
Orion digital pH meter 611 on the aqueous extract of
silage. Volatile fatty acids were determined by Pye
Unicam GCV gas liquid chromatography. Condensed
tannins were determined using butanol-HCI method
according to Porter et al. (1986). Urinary allantoin was
analyzed by the method described by Borchers (1977).
Allantoin excretion was used to calculate microbial
protein yield according to Chen and Gomes (1992).

Statistical analysis

The chemical composition and fermentation
characteristics of herbage before and after ensiling
were analyzed using a one-way analysis of variance in
a completely randomized design using the General
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Linear Model procedure of the SAS Institute (1994).
The model used was:

Yij =u+T, +8;

Where:
Y;was the chemical composition or fermentation

characteristics of herbage, £ the overall mean, T, the

treatment effect and €;; residual error.

The DM intake (DMI), OM intake, apparent dietary
digestibility, nitrogen balance and microbial protein
yield (MPY) were subjected to analysis of variance for
Latin square cross over design using the General
Linear Model procedure of the SAS Institute (1994).
The model used was:

Yijkl =u+T, + Aj + P, + €

Where:
Yijq Wwas the observed variable, 4 the overall mean,

T, the treatment effect, A, the animal effect, P, the

period effect and €, the residual error.

Multiple comparisons of means were done using the
Tukey’s studentized range test of SAS (1994).

RESULTS
Silage chemical composition

The chemical composition of maize silage, ABM and
LLM before and after ensiling are given in Table 1.
The CP content of ABM was higher (P<0.05) than
maize and LLM before and after ensiling. Ensiling
decreased the CP and NDF of the three silages, while
the MADF increased. The MADF of the mixed silages
was similar but higher (P<0.05) than the maize silage
before and after ensiling. The condensed tannin
content of the mixed silages was different (P>0.05).

Silage fermentation characteristics

The fermentation characteristics of maize silage, ABM
and LLM are given in Table 2. Maize silage had the
highest lactic acid concentration, although it was not
significantly different (P>0.05) from ABM, and the
lowest acetic acid concentration. The three silages had
similar isobutyric, n-butyric, isovaleric acid and n-
valeric acid concentrations. Maize silage had a lower
pH than that of the mixed silages. The ammonia-
nitrogen content was highest in ABM and lowest in
maize silage.
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Table 1. Chemical composition (g/kg DM) of maize silage, Acacia boliviana — maize (ABM) and Leucaena
leucocephala- maize (LLM) mixed silages before and after ensiling

Before ensiling After ensiling SED
Constituent MS ABM LLM MS ABM LLM
cP 76° 156° 141° 69¢ 148° 132" 2.42
MADF 280° 285° 288° 311° 337° 348° 4.42
NDF 516° 5212 523 499° 491° 477° 4.01
ADF 363° 361° 369° 350° 346° 353° 8.41
Ash 60° 62° 62° 58? 56° 572 2.29
ME (MJ/kg DM) 112 10° 10° 10 10° 9? 0.08
CT (g/kg DM) nd nd nd Nd 12° 14° 0.07

abcdefMeans with different superscripts in a row differ significantly at P < 0.05, SED = standard error of the
differences, nd = not determined, ME = metabolisable energy, CT = condensed tannins, MS = maize silage, ABM =
Acacia boliviana — maize, LLM = Leucaena leucocephala- maize, DM = dry matter, CP = crude protein, NDF =
neutral detergent fibre, ADF = acid detergent fibre, MADF = modified acid detergent fibre.

Table 2. Fermentation characteristics of maize silage (MS), A. boliviana-maize (ABM) and L. leucocephala-maize

(LLM) mixed silages.

Constituent (g/kg DM) MS ABM LLM SED
Lactic acid 63.21° 44.23° 27.96 7.66
Acetic acid 18.16° 41.44° 46.21° 0.75
Propionic acid 1.08° 1.41% 2.16° 0.24
Isobutyric acid 2.75°% 4.28° 5.80° 0.38
n-butyric acid 1.03° 1.872 2.32¢ 0.25
Isovaleric acid 0.25% 0.37% 0.41% 0.12
n-valeric acid 0.48° 1.19° 0.80° 0.097
pH 3.71° 419" 4.66° 0.059
NH3-N (g/kg total nitrogen) 32.31° 71.95° 64.99° 0.31

abe\Means with different superscripts in a row differ significantly at P < 0.05, SED = standard error of the differences,
MS = maize silage, ABM = Acacia boliviana-maize, LLM = Leucaena leucocephala-maize, NH3-N = ammonia-

nitrogen

Nitrogen balance trial

The intake, apparent digestibility, nitrogen balance and
microbial protein yield of sheep fed three treatment
diets of SDC, ABM and LLM is given in Table 3. The
dry and organic matter intakes were similar in SDC
and LLM and lower (P<0.05) in the ABM diet.
Apparent digestibility of DM and organic matter was
similar in all the three treatment diets, while NDF,
ADF and N digestibility was lower (P<0.05) in ABM.
The nitrogen intake, nitrogen balance and microbial
protein yield was similar for SDC and LLM and lower
(P<0.05) in ABM.

DISCUSSION
Silage chemical composition
The CP content of maize silage (69 g/kg DM) obtained
from this study was below the range of 90 g/kg DM to

140 g/kg DM reported by McDonald et al. (1987) but
was similar to the values reported by Topps and Oliver
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(1993) and Titterton and Maasdorp (1997) of 77 g/kg
DM and 75 g/lkg DM, respectively. The variations
could be attributed to differences in maize varieties as
well as the stage at which the crop was harvested. The
CP content of ABM (148 g/kg DM) and LLM (132
9/kg DM) were above the proposed minimum required
for growth (113 g/kg DM) in ruminant animals (ARC,
1984).

The NDF content of the silages ranged from 477 g/kg
DM to 499 g/kg DM and was lower than the
acceptable levels of 600 g/kg DM to 650 g/kg DM,
while the ADF content ranged from 346 g/kg DM to
353 g/kg DM and was within the maximum acceptable
and desirable levels of 350 g/kg DM and 380 g/kg DM
(Mahanna, 1994). The ash contents of between 56 g/kg
DM to 58 g/kg DM were below the range of 80 g/kg
DM to 100 g/kg DM reported by Topps and Oliver
(1993). The ME content of maize silage (10 MJ/kg
DM) obtained from this study was similar to that
reported by Titterton and Maasdorp (1997). The ME
content of all silages was above the minimum
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acceptable level of 8 MJ/kg DM required for
maintenance (Ekern and Vik-Mo, 1979). The levels of
condensed tannins for the mixed browse legume-maize
mixed silages of 12 g/kg DM and 14 g/kg DM were
less than the range of 20-40 g/kg DM (Waghorn,
1990).

Silage fermentation characteristics

Ensiling resulted in reduced NDF content in the
silages as reported by Keady et al. (1996). This could
be attributed to the hydrolysis of hemicellulose to
monosaccharides that provide additional sugars for
lactic acid production during fermentation (Muck,
1989). Ensiling had no effect on silage ADF as
reported by Synman et al. (1987). This could be
attributed to the fact that ADF does not provide sugars
for lactic acid production during fermentation. The
absence of a significant effect of ensiling on ash
content is contrary to findings in other studies (Keady
and Murphy, 1997; Keady et al., 1996) and could be
attributed to no loss of silage effluent in the bags used
in this study as opposed to loss in silage effluent in
bunkers normally used during fermentation. An
increase in MADF content during ensiling is similar to
the finding of Keady and O’Kiely (1996) and could be
attributed to hydrolysis of the soluble fraction of the
fibre contents during fermentation. A decrease in CP
content during ensiling is contrary to that reported by

Keady and Murphy (1998). This reduction in CP could
be attributed to the degradation of protein during
ensiling which resulted in higher non-protein nitrogen
in the silage than in the herbage before ensiling
(Whittenbury et al., 1967).

All the silage types were well preserved as indicated
by low pH (<5), low ammonia N (<9 % total N) and
low concentration of butyric acid (<5.5 g/lkg DM). The
low pH together with elevated levels of lactic acid
showed that the herbage contained sufficient amounts
of soluble carbohydrates to effectively preserve the
silage. An increase in silage pH following mixing
maize with browse legumes observed in this study was
in agreement with that reported by Titterton and
Maasdorp (1997). This can be attributed to the high
buffering capacity and low DM content of the
legumes, which favours the production of other
organic acids other than lactic acid (Woolford, 1984;
McDonald et al., 1991). Maize silage had the lowest
ammonia N concentration as compared to the mixed
browse legumes. This could be attributed to the fact
that maize contained low CP content that resulted in
low ammonia N production. High concentration of
ammonia N indicates excessive protein degradation
during fermentation, which is undesirable, as it
indicates poor preservation of the material (Haigh,
1987).

Table 3. Intake, apparent digestibility, nitrogen balance and microbial protein yield of sheep fed sheep dairy
concentrate (SDC), Acacia boliviana-maize (ABM) and Leucaena leucocephala-maize (LLM) mixed silages.

SDC ABM LLM SED
Intake (g/d)
Dry matter 785° 585" 759 39.5
Organic matter 7242 562° 699° 40.2
Apparent digestibility (g/kg)
Dry matter 575 5352 565° 16.5
Organic matter 575° 532° 567° 22.3
Neutral detergent fibre 534 375 506 32.7
Acid detergent fibre 519° 312° 497% 27.6
Nitrogen 604° 407" 585° 185
Nitrogen intake (g/day) 18.8° 12.7° 17.6° 0.65
Nitrogen excreted (g/day)
Faecal nitrogen 4.2° 8.5% 5.0° 0.54
Urinary nitrogen 9.0% 4.9° 8.4% 0.77
Total nitrogen excreted 13.2 13.4% 13.4° 0.81
Nitrogen balance (g/day) 5.6% -0.7° 4.2° 0.90
Microbial protein yield (MN/kg DOMR)  12.7% 8.5" 11.22 0.04

4PMeans with different superscripts in a row differ (P<0.05), SED = standard error of the differences, MN =
microbial nitrogen, DOMR = organic matter apparently digested in the rumen
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Nitrogen balance trial

Both DM and organic matter intake was higher in
LLM than in ABM. The low ABM intake can be
attributed to the lower apparent digestibility due to the
higher soluble polyphenolics and proanthocyanidins in
A. boliviana as compared to L. leucocephala
(Maasdorp, Muchenje and Titterton, 1999). Cattle fed
the two forages consumed all the L. leucocephala but
refused seven percent of the A. boliviana (Maasdorp et
al. 1999).

The observed low digestibility of the fibre components
(NDF and ADF) and nitrogen in the ABM diet was in
agreement with that reported by Reed et al. (1985) and
can be attributed to the presence of tannins in the
silage. Protein and NDF degradability has been found
to be negatively correlated with polyphenolics and
proanthocyanidins content of browse (Rittner and
Reed, 1992). Dzowela, Hove, Topps and Mafongoya
(1995) reported a depressing effect of tannins in A.
boliviana on DM degradation, while Norton (1994)
showed that L. leucocephala had moderate protein
degradability despite having substantial tannin content.

The high urinary nitrogen obtained from sheep given
LLM silage implied that the condensed tannins-protein
complexes formed in the rumen dissociated in the
abomasums and intestines making the nitrogen
available for digestion, absorption and metabolism,
while the high faecal nitrogen obtained from ABM
diet indicated that the condensed tannin-protein
complexes formed in the rumen were stronger and
passed undigested through the lower tract and were
completely lost in faeces (Perez-Maldonado and
Norton, 1996). Similar observations have been made
by other researchers (Nastis and Malechek, 1981;
Richards et al., 1994; Reed, 1995). The negative
nitrogen balance obtained from sheep given ABM
silage indicates that protein requirements for
maintenance were not met (NRC, 1985).

Reported yields of microbial nitrogen (MN) range
from 14 to 49 g of MN /kg of organic matter
apparently digested in the rumen (ARC, 1984). The
low microbial protein yield obtained from this study
could be attributed to low energy content of silage
organic matter (Masama et al., 1997), but is within the
range previously found (Sebata et al., 2005). In
addition, silages have been shown to increase ruminal
protozoa population whose activities reduce the
efficiency of total microbial protein synthesis (Hanna
Research Institute, 1982).

CONCLUSION
This study showed that ensiling maize with tree forage

legumes maintains good silage quality. ABM silage
intake was lower than LLM silage, following a similar
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trend in which A. boliviana is less palatable than L.
leucocephala foliage. This suggests that forage tree
legumes exhibit similar attributes when ensiled and
when feed without ensiling. There is need for further
research on the effect of ensiling on polyphenolic and
proanthocyanidin activities in browse species.
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